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Frontispiece 


A Propuctive Som. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


Ultimate success in farming can be achieved only where the productiveness of the 
soi! is fully maintained. 
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PREFACE 


Efficient soil management is essential to profitable crop 
production, and effective soil conservation is a prerequisite of 
a permanent agriculture. Many fail to achieve success in farm- 
ing because of their inability to establish soil-management 
practices which will insure the economic production of crops 
without depleting the soil on which they are produced. 

The soil is a highly variable and complex medium, and for 
its efficient management and conservation one must take into 
consideration various chemical, biological, and physical prop- 
erties which are extremely technical in character. However, 
without mastering such technical details, one may develop 
practical systems of soil management which will insure good 
yields without soil depletion. 

“Farm Soils” has been written for farmers and for stu- 
dents who are primarily concerned with the problems of prac- 
tical soil management. As stated in the preface of the first 
edition, emphasis is placed on what to do and when and how 
to do it. At the end of each chapter under “General Informa- 
tion” is assembled the information justifying the practices; 
that is, why certain things should be done. Although this 
material is not essential to the successful establishment of an 
efficient system of soil management, the author believes that 
both farmers and students will be interested in the why, as 
well as the how and when, of various practices essential to the 
management and conservation of agricultural soils. 

In organizing the contents special consideration has been 
given to soil-management problems as encountered by the 
farmer while at work in the field or while planning his farm 
business. All phases of soil management are treated insofar 
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as they bear on the economic production of crops and on the 
permanency of the soil itself. Specific instructions are given 
for draining and tilling soils, for controlling erosion, and, some- 
what more briefly, for irrigating land and practicing dry-land 
farming. Special emphasis is placed on such fertility practices 
as manuring, liming, fertilizing, and growing soil-improving 
crops. Careful attention has been paid to connecting recom- 
mended soil practices with specific crop practices. For example, 
special chapters have been devoted to managing field soils, 
pasture soils, garden and lawn soils, and fruit soils. 

During the five-year period, since the writing of the second 
edition, experimental and research studies on soil problems 
have produced new information justifying certain modifica- 
tions in soil-management practices. Field demonstrations and 
the experiences of successful farmers during this period have 
also supplied additional information which has warranted some 
changes in recommended practices. 

It is the hope of the author and editors that this third 
edition will prove of even greater value than the former two 
editions for use both on the farm and in the classroom. 


Tue AUTHOR AND EprTors 
JANuaRY, 1941 
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FARM SOILS 


CHAPTER I 


SELECTING THE SOIL AND PLANNING ITS 


MANAGEMENT 


A productive soil is the first essential for profitable farm- 
ing. Crop yields well above the average must be secured be- 
fore farming becomes attractive as a business. When a farm 
soil is first cropped, good yields may often be obtained with- 


out any _ treat- 
ment other than 
thorough cultiva- 
tion. With con- 
tinued _—_— cropping, 
yields are reduced 
unless provision is 
made for returning 
to the soil cer- 
tain plant nutri- 
ents which the 
crops require. Soils 
frequently become 
depleted; crop 
yields are then so 
reduced that farm- 


Fig. 1. An ABANDONED Farm. (Agronomy 
Dept., N. Y. State Col. of Agr.) 


Soils frequently become depleted, and ultimately the 
farm is abandoned. 


ing fails to pay; and ultimately, the farm is abandoned or 
taken over by someone capable of establishing a soil-improv- 
ing system of management. 


2 SELECTING THE SOIL 


Soils vary in their capacity to produce crops. Some never 
were and never will be fit for profitable farming; others, 
good in the beginning, have been impoverished by soil- 
depleting practices; still others, poor to start with, have 
been made fertile by efficient management. Every progres- 
sive farmer is interested in the fertility of his soil, for he 
realizes that the continued successful production of crops 


Fic. 2. SuBMARGINAL LAND. 


Soils which for one reason or another cannot be economically farmed constitute 
a vast area of what is termed submarginal land. 


requires the maintenance of a high-fertility level of the soil. 
Soil conservation is essential to continued rural prosperity. 

Land utilization as a state and national problem has re- 
ceived little consideration until recent years. The responsi- 
bility for the use of land has been left largely to the in- 
dividual farmer. As a result, during periods of agricultural 
prosperity, soils poorly suited to profitable farming have been 
brought into production. In some instances the topography 
was too rough or the surface too stony for economic tillage; 
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in others, the rainfall inadequate or the soil itself incapable of 
retaining moisture sufficient for good crop yields; or in still 
other instances, the soil has been so susceptible to water 
or wind erosion that the cost of erosion control was prohibitive. 
Other reasons for the failure of farm lands to return a profit 
are: shallow surface soils deficient in organic matter; high 
acidity; impervious or extremely acid subsoils; and excess 
alkali. Unfortunately, many soils which with proper manage- 


Fig. 3. Goop Farm Buripines. 


Farm buildings and other improvements are factors of importance in the selection 
of a farm. 


ment would today be capable of maintaining a profitable 
agriculture have, as a result of careless handling, become so 
depleted in fertility or so badly eroded that they are no 
longer suited to cropping. Those soils which for one reason 
or another cannot be economically farmed constitute a vast 
area of what is termed swbmarginal land. A sound public 
land-utilization program is essential not only for the eco- 
nomic use of marginal and submarginal lands, but also for 
the preservation of the soil of farms which are today being 
operated with profit. 

There are certain essentials, other than the soil, that should 
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be considered in selecting the farm. Attention should be 
given to the location from the standpoint of climatic conditions 
and marketing facilities. The nature of the roads, farm 
buildings, and other improvements are all factors of impor- 
tance. Buildings can usually be purchased with a farm 
cheaper than they can be built. One should make certain that 
the community is a desirable one in which to live, with satis- 
factory school and church facilities, and with progressive and 
reasonably prosperous farmers as neighbors. It should be re- 
membered that a good farm is generally a better buy than a 
poor one. 

Before buying a farm one should consult the county agri- 
cultural agent. He is familiar with the agricultural and soil 
conditions in his local county and is in a position to furnish 
helpful suggestions as to locations suited to the different 
types of farming. One should write to his state agricultural 
college requesting a copy of any available printed informa- 
tion dealing with the selection and purchase of farm land. 
Furnish the institution with information as to the type of 
farming you purpose to follow and the capital available; for 
with this information supplied, the agricultural workers can 
supply worth-while general information about the section of 
the state in which a suitable farm may be located. 


Operations: 


1. Selecting the soil. 
2. Managing the soil. 


1. SELECTING THE Son 


Even where other conditions are favorable, the character 
of the soil must be considered; for a good soil, adapted to 
the type of farming to be followed, is a prime essential to 
success. A poor soil may be made productive, but the process 
is a slow and expensive one. A knowledge of certain factors in 
soil management and their relation to crop production is 
necessary in selecting farm land. 


SELECTING THE SOIL 5 


Factors to be considered: 


A. Topography and drainage. 

B. Surface soil. 

C. Subsoil. 

D. Chemical composition. 

E. Vegetative growth. 

F. Soil-survey and land-use reports. 


A. Topography and drainage. Rough land is expen- 
sive to till because field operations cannot be performed eco- 


Fic. 4. FavoraBLe ToroGRAPHy FOR FARMING. 


A relatively level to gently rolling topography is essential for the economic pro- 
duction of crops requiring tillage. 


nomically upon it. Where the land is rough, the fields are 
necessarily irregular in shape and subject to erosion. In 
some instances attempts are made to farm land so hilly that 
it should never have been cleared, while in other instances 
tillage is attempted on rough areas which at best are adapted 
only to permanent pasture and grass meadows. A relatively 
level to gently rolling topography is essential for the economic 
production of crops requiring tillage. 

Choose a soil that is naturally well drained or one that has 
been or can be adequately tiled. If there is a drainage system 
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be sure that it has been so installed that permanency is 
assured. When poorly drained land is considered, take into 
account the expenditure of both money and labor required 
to install an efficient drainage system. 

B. Surface soil. The surface soil should be deep, friable, 
and well supplied with organic matter. It should be free 
from stones large enough to interfere with tillage operations. 
The topography, size and shape of fields, and physical soil 
conditions should be favorable for the use of power machinery. 
The depth of the surface soil is important since crops are 
largely dependent on surface soil for plant-food? other than 
that supplied by the atmosphere. A depth of 8 to 10 inches is 
very desirable, and 
12 to 14 inches is 
even better. 

A soil may be so 
heavy that it is dif- 
ficult to farm. Be- 
cause of the high 
content of clay, 
such a soil is ex- 
tremely sticky when 

Crops vary in their adaptation to soils. Grain and wet, and Upon dry- 
grass crops grow best on a moderately heavy soil. ing forms hard 

clods. Another soil 
may contain so much sand or gravel that it dries very rapidly, 
has a low water-holding capacity, and its crops suffer in dry 
seasons. Large stones also may present a difficulty in tilling 
the soil. It is highly desirable that a soil contain such an 
admixture of sand, clay, and particles of other sizes that it tills 
easily, dries promptly after rains, and at the same time holds 


Fie 5. Corn FIELD IN THE Corn BELT. 


1 Technically the term plant-food refers to the organic plant-growth- 
promoting substances, such as starch and the sugars. In practical agri- 
cultural literature the term is commonly used to refer to any chemical 
element, or its compounds, used by plants. The term is used in the 
broader sense in this book. 
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water so well that crop growth is not seriously checked in dry 
periods.” 

Crops vary in their adaptation to soils. Grain and grass 
crops grow best on a moderately heavy soil. Vegetable crops 
require a soil of a lighter texture. For early vegetables, a 
light, sandy loam surface soil is best. Celery, onions, and 
lettuce are adapted to muck and peat soils. Of the fruits, 
apples and pears do kest on relatively heavy soils while peaches 


x a hh 


bar Fruit- OP crop areas 
PRB Corn Belt 
a General farming area 

EHR Cotton Belt 

(0D Wheat areas of Tobacco areas 

Dairy areas ‘ 4 Self-sufficing areas 
Range livestock area : (CD Nonagricultural areas 


Fig. 6. 


and citrus fruits prefer a soil somewhat sandy in character. 
Good natural drainage to a depth of 10 feet or more is essential 
for the tree fruits. 

The general location of the more important types of farm- 
ing is shown in Fig. 6. 

Select a soil free from large stones and with a surface soil 
well supplied with organic matter to a depth of at least 8 


2See General Information at end of chapter for soil texture, struc- 
ture, and other physical properties, as well as for the classification and 
naming of soils. 
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inches. Consider the texture of this surface material and 
make certain that it fulfills the requirements of the crops to 
be grown. 

C. Subsoil. The subsoil also requires consideration. Not 
infrequently the productiveness of a soil is impaired by an 
unfavorable subsoil. Avoid subsoils that are so heavy as to 
be impervious to the movement of water. Where they occur 


Fic. 7. An ImpErRvious SUBSOIL. 


Avoid subsoils which are so heavy as to be impervious to the movement of water. 


the drainage is invariably poor, and crops cannot develop a 
root system to a normal depth. Subsoils of a very sandy or 
gravelly character are also objectionable because they drain 
too rapidly and their crops suffer in dry seasons. A reasonably 
heavy loam, silt loam, or clay loam of a yellowish to reddish 
color forms the most desirable subsoil. Particularly objection- 
able is an impervious condition termed hardpan which some- 
times occurs in the subsoil. A true hardpan is formed by the 
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cementing together of the soil grains into a hard stone-like 
mass. A more common condition is an impervious layer in 
the subsoil caused by the pore spaces’ becoming filled with fine 
clay particles. Such “tight-clay” subsoils, called clay-pans, 
are generally associated with an extremely acid condition, so 
that from both the physical and the chemical standpoint they 
are objectionable. 

In arid regions subsoils frequently contain injurious 
amounts of soluble salts, while in other sections bed rock 


Fic. 8. AN UNPRODUCTIVE SOIL. 


A soil should be well supplied with plant-food. 


may occur so near the surface that crops suffer in dry seasons. 
Failure to give adequate consideration to subsoil conditions 
frequently results in the improper evaluation of farm land. 

D. Chemical composition. A soil should be well supplied 
with plant-food. The nitrogen is largely in the surface soil, 
the amount depending on the organic-matter supply. The 
mineral plant-foods should occur in fair amounts, though a 
deficiency can be supplied economically by artificial fer- 
tilization. It is more important to make certain of a good 
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supply of plant-food when selecting a soil for the production 
of field crops than it is for vegetables or fruit. For vegetables 
or other high-value crops, any of the plant-foods furnished 
by fertilizer can be supplied profitably if they are deficient. 
The yield of fruit is seldom dependent on the supply of plant- 
food other than nitrogen. This can be advantageously fur- 
nished as a nitrogenous fertilizer material or secured through 
legume cover crops or farm manure. However, cover crops 


Fic. 9. A Fretp or Goop CLover. 


The character and vigor of the vegetation are good criteria of the productivity 
of a soil. In selecting a soil pay particular attention to the growth of such legumes 
as clover and alfalfa in grain and livestock sections. 


will often require plant-food other than nitrogen, and some- 
times lime in addition. With field crops the margin of profit 
is at best small, and expensive fertilizer applications cannot 
be made with profit. It is essential that the surface soil be 
adequately supplied with organic matter, and highly desirable 
that the subsoil be so well supplied with lime as not to be 
highly acid in character. An extremely acid surface soil will 
necessitate the purchase of lime for the legumes which should 
be grown in rotation with the grain, silage, and fiber crops; 
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but this defect can be remedied and the soil made suitable for 
the legumes, provided the subsoil is not too acid. Acidity of 
the surface soil reduces the value to the extent of the cost of 
the lime required to neutralize it; a lime deficiency in the sub- 
soil is a defect which cannot be remedied by any known 
practical method of treatment.’ 

E. Vegetative growth. The character and vigor of the 
vegetation are good criteria of the productivity of a soil. In 
selecting a soil in improved agricultural sections, determine the 
growth and yield of the crops grown locally. Pay particular 
attention to the growth of such legumes as clover and alfalfa 
in grain and livestock sections. Take into consideration the 
seasonal conditions, for when they are especially favorable 
even poor soils yield well. Also take into consideration the 
soil treatment that has been given, for a good yield can be 
secured on practically any agricultural soil with adequate ap- 
plications of lime, manure, and fertilizers. Yields may be 
good but may be unprofitable nevertheless, owing to the cost 
of the treatment applied. At such times the yield would 
certainly be misleading as a measure of the true productiveness 
of the soil. On livestock farms, it is well to ascertain the 
number of animals which the farm has supported and the 
normal expenditure for purchased feed. 

Much can be learned about the value of soils by studying 
the character of the natural vegetation. Areas that were 
originally prairie have a good supply of organic matter in the 
surface soil. Timbered land, on the other hand, is less well 
supplied with this valuable constituent. The productivity of 
timbered soils varies with the kind and growth of trees. Where 
black walnut, American elm, hard maple, and ash dominate and 
have made a good growth, the soil is invariably productive 
and not greatly deficient in lime. The hardwoods, such as oak 
and hickory, indicate a somewhat less productive soil, though 
where the growth is vigorous a fairly productive soil may be 

3See General Information at end of chapter for chemical essentials 
of plant growth and plant-food supply of soils. 
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expected. It may be somewhat acid in character and poorly 
supplied with organic matter. Where scrub oak, post oak, 
or black jack oak dominate the timber growth, the soil will 
invariably be found unproductive. This character of timber 
growth is dominant on the uncleared areas of poor soils in 
the southern states. Pine and chestnut may grow vigorously 
on extremely poor soils. The former is adapted to sandy soils, 


Fic. 10. A Bounpary LINE BETWEEN PRAIRIE AND TIMBER SOILS. 


Dark-brown prairie soil in foreground; gray timber soil in background. Areas 
which were originally prairie have a good supply of organic matter in the surface soil. 
Timbered land, on the other hand, is less well supplied with this valuable constituent. 


while the latter grows naturally on soils extremely deficient 
in lime. 

Weeds and other wild vegetation also indicate the produc- 
tivity of the soil. Where sweet clover grows wild or where 
wild white clover and Kentucky bluegrass dominate in native 
pastures, the soil is never extremely acid and is generally 
above the average in productivity. Sorrel, paint brush, red- 
top, broom sedge, and poverty grass are examples of vegetative 
growth indicative of poor soil of an acid character; Jimson 
weed, button weed, smart weed, and rough pigweed grow 
vigorously only on good soil. 

In selecting a soil one should make certain that the surface 
soil is not infested with noxious weeds or seed of such weeds. 
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The weeds to guard against vary in the different sections of 
the country. Especially objectionable because of difficulty of 
eradication are quack grass, wild mustard, sow thistle, garlic, 
and morning glory. Livestock farms are more often weedy 
than are cash crop farms. The less troublesome weeds may 
be eradicated by thorough tillage and proper cropping sys- 
tems.* 

F. Soil-survey and land-use reports. Utilize the reports 
and soil maps of areas covered by soil surveys, where these 
are available. These reports give much valuable information 
as to soil characteristics, crop adaptation, and value of farm 
land. In addition, they include a summary of the climatic 
conditions and the agricultural history of the section which 
they cover. Certain of the state soil survey reports include 
valuable information relative to the fertilization and cropping 
of the different soils. Land-classification maps and land-use 
reports have been prepared by some states, and other states 
have made similar information available in connection with 
their rural-zoning program. In selecting a farm all available 
information of this nature should be used. 


2. MANAGING THE SoIL 
After a farm has been secured, work out a definite plan 
of soil management. 


Procedure: 
. Control the water supply. 
. Prevent erosion. 
. Give the soil good tillage. 
. Replenish organic matter. 
. Conserve farm manure. 
Apply lime to acid soils. 
Use commercial fertilizer. 
. Maintain conditions favorable for beneficial soil organisms. 
I. Secure good yields and provide for permanence. 
4See “Crop Production and Management,” by Joseph F. Cox, pub- 
lished by John Wiley & Sons, for information concerning weeds and 
their eradication. 


TOs gy oIOW> 
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A. Control the water supply. A well-drained soil is essen- 
tial in the production of the common farm crops. Unless 
the soil is naturally well drained, artificial drainage must be 
installed before good yields can be secured. There are several 
methods of draining land. Of these, the tile-drainage system 
is the best under most conditions. 

In dry regions the growth of crops is often controlled by 
insufficient rainfall. Here, either through the practice of “dry- 
land farming” or by means of irrigation, the required moisture 


Fia. 11. A Poorty Drainep Frevp. (Agronomy Dept., N. Y. State 
Col. of Agr.) 


Unless the soil is naturally well drained, artificial drainage must be installed before 
good yields can be secured. 


is furnished. In such dry sections, the salt content of the 
soil frequently becomes so high that crops are injured. This 
excessively high salt content produces what is known as an 
alkalz soil. 
B. Prevent erosion. The failure to control erosion has 
resulted in the enforced abandonment of many farms. It has 
also reduced crop yields on areas that are still being farmed 
with profit. Erosion may develop so slowly that its injurious 
effect is not recognized until serious damage has been done. 
This is especially true of what is known as sheet erosion® 


5 See page 139 for explanation of kinds of erosion. 
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Although soil erosion may not be completely prevented, it is 
essential that the surface soil be retained and not be per- 
mitted to wash either to the lower parts of the fields or into 
streams. Frequently precautions must be taken to prevent 
erosion even on comparatively level land. 

Wind erosion is most severe in the prairie regions, espe- 
cially during periods of serious drought. The so-called “dust 
bowl” is the result of destroying the prairie-sod covering, 


Fig. 12. Som Erosion. 


The failure to control erosion has resulted in the enforced abandonment of many 
farms. 


either by plowing or overgrazing, in a section subject to serious 
wind erosion. The problem of wind-erosion control is not 
confined to arid regions, however. With light sandy soils, 
and muck or peat land in the hunid sections, provision must 
often be made to prevent the loss of surface soil as the result 
of wind. 

C. Give the soil good tillage. Thorough tillage is essential 
for good yields of field and garden crops. A poorly prepared 
seed-bed has often been responsible for a low yield. Among 
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the various farm operations, time is seldom spent to better 
advantage than in plowing and fitting the seed-bed. Of 
equal importance for the cultivated crops is thorough and 
proper cultivation during the early stages of growth. Fre- 
quent, shallow cultivation has been found most effective. 
Weeds are serious competitors of crops, and cultivation is one 
means of keeping them in check. There is no known fertilizer 
or other soil treatment that will take the place of good tillage. 

D. Replenish organic matter. Organic matter © 1s an essen- 


Fig. 13. Prowrne. 


Time is seldom spent to better advantage than in plowing and fitting the seed-bed. 


tial constituent of agricultural soils. Their productivity is to 
a large extent dependent on it. So long as a soil is adequately 
supplied with fresh organic matter, good yields can be secured 
with comparatively inexpensive soil treatment. 

Under natural conditions the organic-matter content of the 
soil is at least maintained and often increased. In draining 
and tilling the soil, man starts destructive processes. These 
operations may: be absolutely essential in the utilization of the 
soil; but, since they enable plants to secure the soil nutrients 
more rapidly, through increasing the rate at which these nutri- 


6 See page 28 for description of the term organic matter. 
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ents become available, they hasten soil depletion. A poorly 
drained soil is in an ideal condition for the accumulation of 
large amounts of organic matter. As a result, such soils are 
commonly dark in color. Upon draining, air replaces the 
water removed, and the rate of decomposition of the organic 
matter is increased. Tillage incorporates additional air in the 
stirred soil, with the result that decomposition proceeds more 
rapidly. Consequently, when a soil is put into cultivation, 
it becomes necessary to make provision for maintaining the 


Fig. 14. PLow1ne UNDER Sop. 


It becomes necessary to make provision for maintaining the organic matter. 


organic matter. Otherwise, profitable production would at 
best be temporary; and the farmer can ill afford to overlook 
permanence in his business. 

Since cultivation is destructive of soil organic matter, tilled 
crops, such as corn and cotton, should not be grown continu- 
ously on the same land. Hay and pasture crops, brought into 
the rotation, help to maintain the supply of organic matter. 
Crop residues, such as corn stover and straw, should be re- 
turned to the soil; or else they should be utilized as feed or. 
bedding for livestock, and the manure applied to the land. 
Green-manure crops and catch crops may often be grown to 
advantage and plowed under as a source of organic matter. 
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The replenishing of soil organic matter is costly. In 
the intensive production of high-value crops one may justify 
the necessary expenditure to maintain a high-organic matter 
level of the soil; but where low-value crops are grown, the 
replenishing of organic matter must be restricted to the less 
costly methods. Consequently, the soil organic-matter level 
which can be maintained profitably will depend largely on the 
intensity of cropping and the value of the crops grown. As 
a long-time problem in efficient soil management, the main- 
tenance of an organic-matter level favorable for economic 
production of crops is one of the most baffling of the problems 
in the practical management of farm soils. 

E. Conserve farm manure. Farm manure is a highly valu- 
able by-product of 
the farm. It is an 
important source 
of organic matter 
and of available 
plant-food as well. 
More and more are 
farmers appreciat- 
ing its fertilizing 
value. Neverthe- 
less, many of 
them, through per- 
mitting the manure 
Fig. 15. Spreapinc Farm Manure. (Agron- to accumulate in 

omy Dept., N. Y. State Col. of Agr.) the open barnlot, 

The proper handling and the wise use of the farm- lose enormous 
manure supply are essential on any well-managed farm. amounts of valu- 

able plant-food. 
The proper handling and the wise use of the farm-manure 
supply are essential on any well-managed farm. Farms well 
stocked with domestic animals and on which the manure is 
well cared for usually have fertile soil with accompanying high 
crop yields. 
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F. Apply lime to acid soils. Farmed soils tend to become 
acid. Most crops grow best in soils that are slightly acid, but 
some crops, such as red clover and alfalfa, require a neutral 
soil or one very slightly acid. Soils may become so acid 
that practically none of the common agricultural crops will 
make a normal growth. Occasionally nature has supplied a 
soil so abundantly with lime that it can be farmed for many 
years without becoming acid. Over much of the territory 


Fic. 16. Appryine Lime. (Agronomy Dept., N. Y. State Col. of Agr.) 


Where soils are acid, lime is essential for successful farming. 


east of the Mississippi River there is a distinct need for lime. 
Here red clover and alfalfa will not grow until the soil is 
limed. Even in the territory west of the Mississippi an in- 
adequate lime content of the soil may influence the yield of 
certain lime-loving crops. Where soils are acid, lime is essen- 
tial for successful farming. 

G. Use commercial fertilizer. Adequate drainage, erosion 
control, good tillage, and crop rotation, along with lime when 
needed and the replenishing of soil organic matter, will not 
necessarily assure satisfactory crop yields. These important 
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practices will invariably have to be supplemented by the use of 
commercial fertilizers. Crops, like animals, must be ade- 
quately nourished for best growth. Even though profitable 
farming requires first of all that the necessary nutrients for 
crops be supplied so far as possible by the soil and through 
farm-produced materials, nevertheless plant-food must be 
purchased to some extent in the form of manufactured fer- 
tilizers. In order to appreciate the fertilizer problem and to 


Fig. 17. Appryina FERTILIZER. 


Plant-food must be purchased to some extent in the form of manufactured fertilizers. 


develop adequate fertilizer practices on the farm, one must 
understand the fundamentals of fertilizer chemistry and the 
importance of maintaining the plant-food supply of the soil. 

The extent to which the purchase of fertilizer can be 
justified depends on the value of the crop increases produced 
by the fertilizer in comparison with its cost. Crops of high 
value, such as most vegetables, flowers, and tobacco, may 


7See General Information at end of chapter for chemical essentials 
of plant growth and for the plant-food supply of soils. 
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be heavily fertilized with profit. The low-value crops, such 
as grain and hay, will not justify a large expenditure for 
fertilizer. In general, on high-value land a larger investment 
in fertilizer can be justified than on low-value land. Also, 
in some types of farming, it is practical to supply more 
nutrients from farm-produced materials than it is in other 
types. For example, in livestock farming, considerable 
amounts of the plant-food removed in crops can be returned to 
the soil in the manure produced by the animals. In grain 
production, even where little livestock is kept, legume crops 
may be grown in rotation with the grain as a means of utilizing 
atmospheric nitrogen. On the other hand, in the production 
of high-value cash crops, especially on high-priced land, one 
is not justified in sacrificing a cash crop in order to produce 
a soil-improving crop. Soil-improving catch crops or winter 
cover crops may sometimes be justified, but to a very large 
extent the nutrients can be supplied more economically in 
the form of purchased fertilizer. 

Because of the great variation in the returns from fer- 
tilizer, depending largely on the value of the crop produced, 
there have developed two rather distinct systems of fertiliza- 
tion. One is called the mineral system, and the other the 
complete fertilizer system. 

The mineral system. In this system suited primarily to 
the fertilization of low-value crops, the nitrogen is supplied 
largely through the growing of legume crops, or through the 
application of farm manure, or often through the combination 
of the two processes. Where most of the crops are fed to 
livestock, considerable amounts of potash and some phos- 
phorus, in addition to nitrogen, are returned to the soil. 
The mineral element phosphorus, and to a somewhat lesser 
extent potassium, must be supplied in the form of fertilizer. 

The complete fertilizer system. This system suited to 
the fertilization of high-value crops includes, in addition to 
the application of the two mineral nutrients, the application 
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of considerable amounts of fertilizer nitrogen. In general, it 
also provides for a much heavier rate of application of fer- 
tilizer. In both systems lime should be applied in amounts 
to maintain the soil reaction at a point favorable for the 
crops grown. 

The character of the fertilizer, as well as the amount re- 
quired in either system but especially in the latter, should 
be modified to a greater or lesser extent, depending on soil 
conditions. Soils deficient in organic matter, especially when 
sandy in character, require more nitrogen and usually more 
potash than do heavy soils. Muck and peat soils are better 
supplied with nitrogen than are most mineral soils, but are 
in greater need of potash. Consequently, in their fertiliza- 
tion, potash becomes of equal or sometimes of even greater 
importance than phosphorus, and nitrogen of relatively less 
importance, especially on newly farmed muck and peat. 

It is also well to appreciate that fertilizers become less 
essential as the annual rainfall becomes less. Their use on 
field soils is largely confined to the area east of the Mississippi 
River. By far the greatest tonnage is used in the states from 
Virginia on the northeast to Mississippi on the southwest. 
In the northeastern and central western states large amounts 
are applied for vegetables and other intensively produced 
cash crops. The use of mineral fertilizers, especially phos- 
phorus for soil-improving crops, has been greatly stimulated 
by the Agricultural Conservation Program. 

H. Maintain conditions favorable for soil organisms. A 
soil to be productive must contain certain beneficial organ- 
isms, and for normal crop growth others that are injurious 
in their effect on plants must be kept under control. These 
organisms vary in size from the rodents, insects, worms, and 
slugs to the minute microscopic forms of animal and plant 
life. It is especially the microscopic forms which play such 
an important part in activities within the soil and liberate 
nutrients in forms usable by plants. Their activities make 
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certain those changes in soil composition that are termed 
biochemical changes. 

The development of bacteriology and biochemistry has 
contributed greatly to the solving of many intricate problems 
associated with soil fertility and the growth of plants. As 
the result of the development of practical methods of utilizing 
more efficiently the beneficial activities of microscopic soil 


Fig. 18. A Goop Freip or Oats: 


High yields and low-production costs are recognized essentials of profitable farming. 


organisms, the development of permanent systems of agri- 
culture has been made possible. An understanding of the 
functions of soil organisms, and of their efficient utilization 
in practical soil management, is essential to a prosperous and 
permanent agriculture.® 

I. Secure good yields and provide for permanence. High 
yields and low production costs are recognized essentials of 


8See page 31 for description and discussion of the activities of soil 


organisms. 
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profitable farming. Proper manipulation and adequate treat- 
ment must be given the soil before large crop yields can be 
secured. Even though prices of individual crops are fre- 
quently low because of overproduction, the farmer must neces- 
sarily strive to secure good yields. 

During the First World War a serious food shortage de- 
veloped. The American farmer was told that the winning of 
the War depended largely on his ability to produce adequate 
amounts of food products. During the post-war depression 
much was said about overproduction. The low prices which 
prevailed on agricultural products during this period were 
accounted for by the low price level on all commodities rather 
than by general overproduction of agricultural products. 

The individual farmer has nothing to gain by reducing 
yields unless lower yields represent lower unit costs. Irre- 
spective of economic conditions, good yields can be justified 
on every acre that is farmed. History tells of the severe 
famines and pestilences resulting from an inadequate food 
supply, which have occurred in every stage of man’s develop- 
ment. Future generations will, in all probability, be confronted 
by an ever-increasing food problem. 

The farmer of today should appreciate the responsibility 
of land ownership. The soil is a natural asset which should 
be conserved. It should be utilized as a source of food and 
clothing for the present generation without lessening its value 
to future generations. Profitable farming should never be- 
come dependent upon soil exhaustion. America must develop 
an agriculture which will offer an attractive return from 
systems of soil management under which her soils will become 
more productive. It is only under such conditions that farms 
can be passed down from father to son through the genera- 
tions in an ever-increasing state of fertility. 
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GENERAL INFORMATION 


1. THe Maxe-Up or tue Sor, 


A. Rock material. The soil, which consists, so far as 
the farmer is concerned, of the loose surface material of the 


earth’s crust in which it is 
possible to produce agricul- 
tural crops, is composed of 
various materials. Rock 
particles varying in size 
constitute the greater part 
of most soils. These rock 
fragments have resulted 
from the weathering or 
breaking down of large 


rocks. This material makes > 


up such a large part, by 
weight, of most soils that 
they may be considered as 
having been derived from 
rocks. 

In some soils the in- 
dividual particles of rock 
can be readily seen with the 
naked eye. Not infre- 
quently large particles of 
undecomposed rock occur 
in fields in such numbers 
as to interfere with tillage 
operations. In some sec- 


Fia. 19. GuactaL GRAVEL. 


Rock particles varying in size constitute] 
the greater part of most soils. 


tions it has been necessary to pick the stone from the land 
before plowing was possible, and in the New England States 
fences built of stone picked from the enclosed fields are a 
common sight. Other soils are so fine in character that the 
individual particles cannot be seen, but when examined under 
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a microscope the rock particles are largely discernible and 
look much like sand or fine gravel. Though these rock par- 
ticles vary in size, they are an important soil constituent, and 
have a great influence on the productivity of most agricul- 
tural soils. 

B. Soil grains. The individual rock particles of the soil 
are known as soil grains. 
Where the smaller soil 
grains are found joined to- 
gether in groups they are 
called granules. Sometimes 
a number of small grains 
may accumulate around a 
large one to form a granule. 
The process by which the 
soil grains are joined to- 
gether in groups is known as 
granulation, and a soil in 
which the process has de- 
Fig. 20. RELative Sizz or Cray, Sitt, veloped is referred to as a 

AND SANp. granulated soil, or one hav- 

Two hundred times maximum diameter. ing a crumb structure. 

A circle 15.7 inches in diameter would rep- : c 
resent the relative size of gravel. These soil grains not only 
influence the physical prop- 
erties of the soil, but they also furnish certain chemical ele- 
ments essential for the growth of plants. Their ability to 
supply this plant-food in an available form is dependent on 
their further decay. The area of the surface of the soil grains 
is known as grain surface. A cubic inch of soil has from 50 
to more than 1000 square feet of grain surface. Other 
things being equal, the greater the grain surface the more 
rapid will be the rate at which the mineral plant-food 
elements become available from the rock particles of the soil. 

C. Clay, silt, sand, and gravel. Since the size of the soil 
grains influences the character and agricultural value of a 
soil, it has been found necessary to establish certain classes 
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or grades based on size. The term clay has been given to the 
smallest grains. Silt includes the group next in size, then sand, 
and finally gravel. These groups may be further subdivided, 
but for all practical purposes the four classes—clay, silt, 
sand, and gravel—are all that need be considered. Their 
relative size is shown in Fig. 20. 

D. Heavy soils and light soils. The terms heavy and 
light, applied to soils, do not refer to weight, but rather to the 
difficulty or ease with which the soils may be tilled. A soil 
containing a large proportion of clay grains is lighter in weight 
than one made up largely of sand, but on account of its sticky 
character it is spoken of as being heavy; whereas a sandy soil, 
because of the ease with which it can be tilled, is considered 
a light soil. The heaviness or lightness of a soil, then, de- 
pends upon the proportion of the different-sized grains—clay, 
silt, sand, and gravel—which the soil contains. 

E. Soil colloids. The soil particles vary in their degree 
of decomposition as well as in their size and shape. As a 
result of the decomposition of rock particles and of organic 
matter, a jelly-like or colloidal product is formed. It con- 
stitutes the more finely disintegrated portion of the clay con- 
tent. This material called soil colloids coats the individual soil 
grains and not only influences the physical condition of the 
soil, but also plays an intricate part in various chemical 
and biochemical changes which are constantly taking place in 
all agricultural soils. The sticky character of clay soils when 
wet, and the formation of clods on drying, are caused, or at 
least intensified, by this colloidal material. It has a great 
absorptive power not only for water, but also for substances 
in solution. The chemical changes resulting from this col- 
loidal material are spoken of as base exchange. Conse- 
quently, in addition to increasing the water-holding capacity 
of the soil, the colloidal material may perceptibly reduce the 
loss of nutrients by leaching. It is responsible for intricate 


9See page 51 for explanation of base exchange. 
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chemical changes, some of which result in increased and others 
in decreased acidity, which influence the productivity of all 
agricultural soils. 

F. Organic matter. Besides the rock particles, all agri- 
cultural soils contain plant and animal remains which con- 
stitute the soil organic matter. It is composed largely of 
vegetable material, since plants have contributed more than 
animals to its formation. As organic matter decomposes it 
forms a dark-brown to black substance known as humus. 
The term humus is often used interchangeably with organic 
matter, but it should be restricted to the old organic matter 
of the soil in which decomposition has progressed to the point 
where the cell structure of the plant and animal tissue has 
been destroyed. It can readily be seen that all humus is 
organic matter, but only thoroughly decomposed organic mat- 
ter is true humus. 

The organic matter, like the rock particles, influences both 
the physical and chemical properties of the soil. It is capable 
of absorbing several times its dry weight of water, and is 
influential in maintaining an adequate supply for plant 
growth. It loosens up heavy soils, thereby improving aeration 
and making them easier to handle, and at the same time makes 
light soils more firm and of much greater water-holding 
capacity. It may be beneficial in preventing the washing or 
erosion of the soil. The fresh organic matter decomposes very 
readily in a well-drained, cultivated soil, and furnishes large 
quantities of available plant-food, especially nitrogen, during 
the growing season of crops. It is the storehouse of the soil 
supply of nitrogen, and contains large amounts of carbon 
(about 10 parts carbon to 1 part nitrogen), and some phos- 
phorus, potassium, sulfur, and iron. When decomposed to 
the form of humus, the carbon-nitrogen ratio is broadened to 
20 parts carbon to 1 part nitrogen. Any of the chemical 
elements occurring in plants and animals may be expected 
to be found in the soil organic matter. It not only supplies 
the various plant nutrients, but also has been found to increase 
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the rate at which plant-food becomes available from the soil 
grains. 

While the fresh, active organic-matter content of a soil 
is an important criterion of its degree of fertility, an un- 
productive soil may contain a considerable quantity of humus, 
even enough to produce a dark color. Organic matter in the 
form of humus contains a smaller proportion of the more 
essential plant-food elements than does fresh organic matter, 
and is in such an advanced stage of decomposition that it is 
very ineffective. It is sometimes referred to as the inactive 
form of organic matter. It not only has little chemical effect, 
but it is less beneficial than fresh organic matter in improv- 
ing the physical condition of the soil, or in stimulating activities 
of the beneficial soil organisms. When, as the result of a 
high humus content, the soil is dark in color, heat is absorbed 
more readily and the soil is warmer on sunny days, especially 
in the spring and fall, than is a lighter colored soil. 

A soil that is well supplied with organic matter has a high 
buffering capacity; that is, it resists rapid changes in hydro- 
gen-ion concentration. A crop will withstand greater soil 
acidity when the soil is well buffered. With a high soil organic- 
matter supply, crops will be injured less by toxic conditions 
resulting from residual effects of fertilizers, spray materials, 
or from other causes. 

The fertility of farmed soils is closely related to the supply 
of organic matter. This organic matter is readily depleted 
through exhaustive cropping, and it has been found necessary 
to replenish the supply to prevent soil depletion. Replenishing 
soil organic matter is an important essential of efficient soil 
management. 

G. Surface soil and subsoil. The organic matter of the 
soil is confined largely to the surface 8 to 12 inches. This 
darker topsoil, containing the organic matter is known as 
surface soil; the term subsoil is applied to the portion below, 
the character of which has been little influenced by organic 
material. Some surface soils have a depth of 18 to 20 inches, 
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whereas others are only 5 or 6 inches deep. A deep, dark- 
colored surface soil is always desirable. 

Since the color of the surface soil is influenced by the 
organic-matter content and its productivity is at least partly 
dependent on the same factor, there is a relation between soil 
color and productivity. Gray and yellow surface soils are 
deficient in organic matter, and consequently are low in 
natural productivity. Red 
surface soils are commonly 
somewhat more productive, 
but brown and black soils 
have the greatest natural 
fertility. 

The subsoil, on account 
of its low content of organic 
matter, is commonly lighter 
in color than the surface 
soil and more compact in 
character. True subsoils 
are most commonly gray, 
yellow, or red, though not 
infrequently they consist 
of various mottlings of 

This darker topsoil, containing the organic nese three colors. (Subsoil 
matter, is known as surface soil; the term which contains a large pro- 
subsoil is applied to that portion below, the F : 
character of which has been little influenced portion of clay particles 
by organic material. may be very impervious to 


water, necessitating artifi- 
cial drainage. A true hardpan, or even a well-developed clay- 


pan within 2 or 3 feet of the surface, always indicates a poor 
soil. In general, red and yellow subsoils indicate good drain- 
age; gray and mottled ones, poor drainage. 

H. Soil air. Regardless of how closely the soil grains seem 
to fit together, there is always open space between the various 
particles, irrespective of their size or character. In dry soil 
this space, often called pore space, is filled with air. The air 


Fig. 21. Surracre Sort anp SuBSOIL. 
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circulates through the surface soil and subsoil, and the move- 
ment is called aeration. It has been found that in the ordinary 
plowed soil of a field half the volume is pore space and only 
half is occupied by particles of rock and organic matter. The 
air which circulates constantly through the soil is essential 
to plant growth. Like the soil grains and the soil organic 
matter, it plays its part in making possible the production 
of farm crops. 

I. Soil water. Field soils always contain some water. 
This water occupies part of the pore space, replacing some 
of the air, though some of it occurs in the mineral and organic 
particles. Most of it occurs as a film, surrounding and cling- 
ing to the soil grains. Immediately following a rain, water 
may largely fill the pore spaces as it moves down through the 
soil. 

Water has a threefold function in plant nutrition. (1) 
It furnishes plant-food, especially hydrogen; (2) it facilitates 
the nutrients’ becoming available from the soil organic matter 
and rock particles, and transports these to the root system; 
and (3) it serves to transport from the soil and to diffuse 
throughout the plant the nutrients furnished by the soil. 
When insufficiently supplied with water, plants wilt, and dur- 
ing long-continued dry spells, crops are injured by drought. 

Where the pore space of the soil is half filled with water, 
it has been found that the moisture is about right for good 
crop growth. Some soils require a higher moisture content 
than others; also, some crops grow well in a very wet soil, 
and others will withstand very severe droughts. Excess water 
in farmed soils may be removed by artificial drainage, and in 
very dry climates irrigation is resorted to as a means of 
furnishing an adequate supply of water for crop production. 

J. Soil organisms. There is one other important con- 
stituent in farm soil. Without it the soil would remain a barren 
waste, for crops could not grow even with the proper propor- 
tions of soil grains, organic matter, air, and water. This fifth 
constituent is soil organisms. These consist, largely at least, 
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of low forms of plant life, such as bacteria and fungi and 
associated microorganisms. The primary beneficial function 
of soil bacteria is the production of available plant-food for 
crops. They are essential for the decomposition of soil organic 
matter and for the liberation of its plant-food in a form that 
can be used again by new plants. They are instrumental in the 
breaking down of the rock material of the soil and in the 
liberation of its plant-food content. They also destroy residues 
which, if accumulated in large quantities in the soil, would 
have a toxic effect on plant growth. Certain of them are 
known to take the nitrogen from the air as it circulates through 
the soil and to make it available to legume crops. 

The larger forms of soil organisms, including rodents, 
insects, worms, and slugs, are constantly moving and mixing 
considerable quantities of soil. Their activities may improve 
aeration and even the drainage of soils. Earthworms con- 
sume enormous quantities of soil. Passing through their 
bodies, the organic material, and to some extent the mineral 
material as well, is modified by the digestive action of the 
organism. The action of earthworms increases the availability 
of the nutrients, at least that of nitrogen occurring in the 
soil organic matter. 

Microorganisms include certain low forms of animal as 
well as plant life. The terms fawna and flora are sometimes 
applied to soil organisms. Of the low forms of animal life the 
nematodes and Protozoa are of most importance. The former 
are worm-like in character, but largely microscopic in size. 
They subsist largely on the organic matter, but some feed 
on other forms of animal life, or on plant life in the soil; 
and still others penetrate roots and secure their nourishment 
from them, often causing considerable damage to the plant. 
The Protozoa are of single-cell structure and represent the 
lowest known form of animal life. Like nematodes they feed 
largely on organic matter, but in addition are believed to 
utilize, to some extent at least, soil bacteria as food. Under 
certain conditions their destruction of beneficial bacteria may 
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result in injury to the soil. Protozoa are of no known 
benefit to soils. 

Fungi are another group of soil organisms which are 
largely microscopic in size. They are thread-like in structure 
and like bacteria function in organic-matter decomposition. 
They are more tolerant than bacteria to acidity and, in very 
acid soils, may contribute more than bacteria to the decomposi- 
tion of the organic matter. 

Actinomyces constitute still another group of microscopic 
organisms which may be present in soils. They, too, decom- 
pose soil organic matter and appear to be of special value in 
breaking down humus and liberating nitrogen for the use 
of plants. Like true bacteria, actinomyces are not tolerant 
to much acidity, and are largely inactive where the soil 
reaction is below 6 pH. Scab, a common disease of potatoes, is 
caused by this organism, and one important factor in its con- 
trol is soil acidification to 5.4 pH or below. 

The true bacteria are credited with benefiting the soil 
in several ways. They decompose organic matter producing 
nitrates. This process is commonly referred to as nitrifica- 
tion.° They are essential also for the production of sulfates 
from the more complicated and less soluble forms. It is in the 
form of sulfates that plants utilize sulfur. 

The other great beneficial function of bacteria is in the 
fixation of atmospheric nitrogen. Some function in the 
nodules on the roots of legumes, and others of less importance 
fix atmospheric nitrogen independently of legumes.** 

Soil organisms are not all beneficial to the growth of 
plants. They are the cause of potato scab, root rots, wilts, 
the damping-off of seedling plants, and many other common 
crop diseases which center in the soil. Nitrifying bacteria may 
cause temporary crop injury in competing with crops for 


10 See page 361 for discussion of nitrification. 
11§ee page 370 for nitrogen fixation by independent bacteria, and 
page 346 for nitrogen fixation by legumes. 
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soil nitrates during the decomposition of such low-nitrogen 
material as straw, grasses and non-leguminous green-manure 
crops. 

There is always the problem of producing conditions favor- 
able to the organisms of the soil which have a beneficial effect 
on plant growth, and at the same time of keeping in check 
those which are detrimental. Important in the maintenance 
of an environment favoring the activity of desirable organisms, 
are such soil factors as sufficient organic matter, proper soil 
reaction, adequate aeration, sufficient but not an excess of 
water, a supply of soluble salts, and a favorable soil tempera- 
ture. The addition of organisms may prove beneficial as in 
legume inoculation and as a constituent of farm manure. The 
addition of available forms of fertilizer nitrogen will counter- 
act the injurious effect of nitrate reduction caused by the 
decomposition of low-nitrogen forms of organic matter. 

In agricultural practice the control of undesirable organ- 
isms is confined largely to producing conditions favorable to 
the beneficial ones. In very inten- 


Bacteria 


sive production, especially under 
10% glass, the sterilization of the soil 


may be justified as a means of de- 
stroying the injurious organisms. 
Another common practice in green- 
a8 house soil management is to discard 
the soil frequently and replace it 
with fresh, properly composted 
field soil.?? 
Fic. 22. Maxn-Up or a K. A cubic foot of field soil. A 
Loam Sott. soil, to be productive, then, must 
_, Lhe per cont by volume of con contain five constituents: rock par- 
stituents in a productive loam soil. ‘ F 
ticles, organic matter, air, water, 
and organisms. It is of value to consider the proportion of 
these constituents in an average field soil that is in a good 
state of productivity. Figure 22 gives the approximate pro- 
12 See pages 467 and 475 for soil sterilization and compost production. 
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portion of the different constituents, by volume, in a productive 
loam. 

The rock particles and water make up most of the weight 
of field soils. Organic matter should constitute 2 to 3 per cent 
of the weight of such a suface soil. The microscopic organisms 
are so minute that even though they occur in myriads, they 
constitute an infinitesimal part of the volume and weight of 
the soil. A cubic inch of good soil has been found to contain 
many millions of bacteria. 


2. KInps oF SoILs 


A. Clay, sand and loams. A soil that contains a sufficient 
proportion of the small-sized particles is called a clay soil, or 
simply a clay. It is plastic and difficult to till. One that 
has a high sand content, and consequently dries out rapidly 
after rains, is known as sandy soil, or as a sand. In both, 
the name of the soil grain, clay or sand, is applied directly 
to the soil. 

Many of our agricultural soils are classed as loams. By 
a loam soil is meant one composed of clay, silt, and sand 
particles mixed in such proportions that the character of the 
soil is not primarily dependent on any one groun of soil grains. 
Even some gravel may occur, but never enough to make the 
soil gravelly in character. A soil to be classed as a loam 
should have insufficient clay to produce plasticity but enough 
clay and silt to give satisfactory moisture-holding qualities 
in addition to furnishing available plant-food, and should con- 
tain sand in adequate amounts for drainage and easy tillage. 
In short, loam is recognized as one of the most desirable soils 
for general agricultural purposes. 

When the clay content of a soil is sufficient to dominate 
the silt, sand, and gravel, and the soil becomes somewhat 
sticky in character, though not sufficiently so to be classed 
as a clay, it is called a clay loam. Similarly, if the silt, sand, 
or gravel influences the character of the soil to a sufficient 
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extent, a silt loam, sandy loam, or gravelly loam results. 
Although a loam is an excellent soil for most purposes, certain. 
crops do better on clay loams, and others are best adapted 
to the silt loam or the sandy loam. 

B. Soil texture. Texture is that property of the soil 
which is determined by the size of the particles that compose 
it. A clay soil is known as a fine-textured soil; a sandy 
soil is coarse textured. Fine-textured soils are frequently dif- 
ficult to till. In them drainage is slow, clods and crust form 
easily, and they warm up slowly in the spring. Coarse-tex- 
tured soils, on the contrary, are loose and friable, easy to till, 
drain readily, and warm up early in the spring. As a result, 
a soil having a heavy or fine texture is considered a late soul, 
whereas one with a light or coarse texture is considered an 
early soil. Since soil texture is dependent on the size of the 
soil grains, there is no practical means of modifying this prop- 
erty. Ordinary field manipulation of soil does not change 
the size of the soil grains. The only known method of ma- 
terially modifying the texture of soils is through the addition 
of a soil of another texture. This may be practical for 
small flower gardens. Mixing soils of different textures is not 
an uncommon practice in preparing greenhouse soils, but 
naturally is impractical under field conditions. The clay 
soils of a farm will always remain heavy in texture, and the 
sandy soils will never change to clay. 

C. Soil structure. Structure is that property of the soil 
which is determined by the arrangement of the soil particles. 
It is dependent on such factors as drainage, organic-matter 
content, granulation, and tillage. Two soils of exactly the 
same texture may differ greatly in their structural properties. 
A poorly drained clay soil, deficient in organic matter and 
improperly tilled, may be changed materially through drain- 
age, proper tilling to facilitate granulation, and the addition 
of organic matter. The soil will remain a clay or clay loam, 
but it will be much easier to handle and far better adapted to 
crop production. 


KINDS OF SOIL 37 


The practical difference, then, between soil texture and soil 
structure is that the texture is largely determined by natural 
forces during the process of soil formation, while the structure 
can be modified by man. The farmer may readily improve 
soil structure, but he must be satisfied with the texture 
furnished by nature. A field that is well drained and well 
tilled may be expected to possess good structure. Such a 
field is often spoken of as having good tilth. The structure 
or tilth of a soil is a reflection of the efficiency of the farmer 
himself. 

D. Soil surveys. A system of classification has been 
worked out for field soils. It is based largely on the depth 
and organic-matter content of the surface soil, and the tex- 
ture and color of both surface and subsoil. In addition, it 
takes into consideration the geological derivation, mode of 
formation, age, lime content, and the topography and drain- 
age. Trained soil experts are employed by our national and 
state governments 
to make system- 
atic examinations 
of soils in the field 
and to prepare 
maps indicating 
the location of soils 
of different char- 
acter. This sys- 
tematic study of 
field soils is called 
a soil survey. 

Soil surveys are 
commonly made on fy, 23. A Som Survey Party. (Agronomy 
the county basis. Dept., Ill. Agr. Exp. Sta.) 

The map indicates A systematic study of field soils is called a soil survey. 
soil variations that 

occur in areas 10 acres or more in extent. In addition to the 
soil map, a report is prepared which explains the formation of 
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the soils, their agricultural value, and crop adaptation; and it 
may offer suggestions for their practical management, includ- 
ing cropping, liming, and fertilizing practices. These soil sur- 
veys are a reliable and valuable source of information as to the 
character and value of the soils of a county. Where avail- 
able, the maps and reports should be used not only by students 
of agriculture but also by farmers. They are of great value 
in connection with the selection of a farm. 

E. The soil series. In the field classification of soils the 
term series is applied to the broad divisions. Several thou- 
sand series have been established in the United States. The 
soils within a series are similar in all characteristics except 
texture. In general, the series is made up of soils similar in 
geological derivation, geographic location, drainage, and or- 
ganic-matter and lime content. The soil series is commonly 
named for a county, a town, or river in the section where it 
was first encountered in the soil surveys. We have, for ex- 
ample, the Marshall series, named for a county in Iowa; 
the Norfolk series, the name taken from Norfolk, Virginia; 
and the Mohawk, named for a river in New York State. 

F. The soil type. The soil type is a subdivision of the soil 
series and is based on texture. The term loam, as has been 
explained, denotes a certain texture of soil. As long as the 
textural requirements are met, the soil remains a loam, irre- 
spective of derivation or location. Obviously, there are many 
loam soils. When this particular grade of soil is confined to 
a single series, we have what is called a soil type. A type, 
then, is a grade of soil based on texture and confined to a 
single series. 

The type is the real basis of soil classification. It is named 
by combining the name of the series with that of the soil class. 
For example, a loam soil occurring within the Norfolk series 
is called the Norfolk loam type. Other names of important 
soil types are Marshall silt loam, Mohawk clay loam, Hous- 
ton clay, and Orangeburg sandy loam. 
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In the mapping of soils attention is given to the so-called 
profile. By this is meant the variations discernible to a 
depth of several feet. The profile is divided into horizons, 
which are designated by letters. Thus, in a given soil there 
may occur, beginning at the surface, the A, B, C, etc., horizons. 
The thickness, as well as the physical and chemical characters 
of these different horizons, vary. in different soils. The A hori- 
zon represents the surface layer, a few inches to a foot or more 
in depth. It is the portion 
in which most of the or- 
ganic matter has accumu- 
lated and corresponds 
closely to what has been 
described as surface soil. 
The B horizon corresponds 
approximately to the sub- 
soil structure, and the C 
horizon to the more or less 
weathered rock material 
that might be considered in 
the transition state be- 
tween parent rock material 
and soil. Though of value 
in soil classification and in 
the study of soil formation, 
the separation of the soil 
profile into horizons is lit- 
tle, if any, better as a basis 
for use in the development 
of systems of practical soil 
management than the more Fie. 24. Rock WEATHERING. 
simple surface and subsoil Most soils are formed by the breaking 
division. More attention down or weathering of rocks. 
is being given to the lime 
content, or to the degree of acidity, of these different horizons 
than was done in the earlier surveys. By a comparison of the 
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horizons the relative age of different soils may be determined 
with a fair degree of accuracy. 

G. Residual soils. Soils have also been classified on the 
basis of their formation. Such classifications are at best 
general in character, but are indeed interesting in that they 
furnish information relative to the manner in which agricul- 
tural soils have been formed. 

Most soils are formed by the breaking down or weathering 
of rocks. Where the material remains unmoved during the 
weathering process so that the resulting soil occupies the same 
location as the original rock, the process is spoken of as 
rock weathering in 
place, or in situ; 
and the soil formed 
is called a residual 
soil. Such soils may 
resemble the par- 
ent rock, and gener- 
ally are underlain 
by this same rock 
formation in an un- 
weathered state. 
With residual soils 
there is generally 
a gradation from 

These swamp soils, composed largely of organic mat- uae SO through 
ter, are known as cumulose soils. partly weathered 

material to the 
hard rock beneath, but the finely decomposed soil may rest 


directly on the bed rock. The breaking down of rock is due 
to the action of both chemical and physical forces. The proc- 
ess is constantly going on, and rocks are changing into soils 
today in the same way as they have in past ages. 

There are some soils that are composed almost entirely 
of partly decomposed vegetable matter. They occupy low 
areas which were at one time swamps and are often still un- 


Vie. 25. Lerruce Growine on Muck. (Agron- 
omy Dept., N. Y. State Col. of Agr.) 


KINDS OF SOIL 4) 


drained. The soil is composed largely of the accumulation 
from vegetative growth. These organic soils are termed peat 
or muck. Correctly speaking, muck refers to decomposed 
organic deposits; whereas peat is used to designate material 
that has not decomposed to such an extent that the stem and 
leaf structures of the original plants are destroyed. The mate- 
rial is also termed muck if it contains any perceptible amount 
of clay, silt, or sand. These swamp soils, composed largely 
of organic matter, are known as cumulose soils. Agricul- 


Fig. 26. BorroMLaND ALONG STREAM. 


The bottomland along streams is termed alluvial soil. 


turally, they are utilized for the production of hay, and when 
drained, for vegetable crops, particularly celery, lettuce, and 
onions, and also for corn and certain other field crops. 

H. Water-deposited soils. In many instances soil mate- 
rial has been transported, more or less assorted, and laid 
down by water. The bottomland along streams has been 
covered with this transported soil material. The soil in such 
areas is termed alluvial. It is composed largely of surface soil 
which has been washed from the upland, and for that reason 
is generally very fertile. Its agricultural value may be im- 
paired because of insufficient drainage or lack of adequate 
protection from inundation. 
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Bordering the Atlantic Ocean and the Gulf of Mexico is 
a wide stretch of territory known as the Coastal Plain, which 
at one time was submerged. The present soils represent the 
material deposited by the ocean during the period when it 
covered this Coastal Plain section. These deposits, represent- 
ing water sediments, are called sedimentary soils. Similar soil 
deposits, accumulated in lake beds and later elevated above 
the water level, are termed lacustrine soils. 

I. Ice-deposited and wind-deposited soils. At one time 
much of the northern section of the United States was covered 
by glaciers which 
extended south 
from Canada. As 
these glaciers 
pushed down, they 
carried with them 
large quantities of 
debris which were 
deposited as the 
ice melted and the 
glaciers retreated 
back to the Arctic 

he region. The pres- 

ea derived from glacial till are known as glacial ent surface soils of 

the area covered 

by this ice sheet have been derived largely from this glacial 

material called till, and the soils themselves are known as 
glacial soils. 

Wind, like moving water and ice, has played its part in soil 
formation. In some sections of the country barren sandhills, or 
dunes, are being moved slowly by wind. Even some farmed 
land is subject to what is known as wind erosion. The dust 
and sand storms so common in certain sections indicate the 
great transporting power of the wind. 

Following the glacial period, vast areas were left bare of 
vegetation and the surface material exposed to wind action. 


Fie. 27. GiactaL TorpoGRAPHY. 
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Deep deposits of wind-laid material are found in certain areas, 
particularly in the glaciated sections of the country. Soils 
derived from wind-blown volcanic ash are common in some of 
the far western states. Such wind-blown deposits are broadly 
termed aeolzan soils. The fine wind-deposited material of the 
glacial section of the Mississippi Valley is known as loess and 
has influenced large areas of soils in the Corn Belt.28 


3. CHEMICAL ESSENTIALS 


A. Chemistry and soil fertility. The development of fer- 
tilizer practices, including the efficient purchase of com- 
mercial fertilizers, necessitates some knowledge of the funda- 
mentals of agricultural chemistry. Even though few can hope 
to master the science of chemistry, all can, with no great dif- 
ficulty, learn enough about this science in its relation to 
soils and crops to understand the practical application of 
chemistry to farming. Without an understanding of certain 
chemical facts, the farmer can only hope to follow blindly 
the fertility practices advocated by others. The following is 
a brief, elementary presentation of the fundamental chemical 
facts necessary for the understanding of the essential details 
of practical soil management. 

Chemistry is the science that deals with the constitution of 
matter. All material things are undergoing constant change 
which is reflected in their chemical make-up. Chemistry is 
concerned with these changes and attempts to explain their 
causes and results. Agricultural chemistry, then, would in- 
clude the chemical make-up of all materials essential to the 
successful production of farm products, the composition of the 
products themselves, and the chemical changes which are a 
necessary part of crop and animal production. It is with this 
practical application of chemistry to the farm that farmers 
are most vitally concerned. 


13 For a more technical discussion of soil formation and classification, 
see Yearbook of U.S. Dept. of Agr. for 1938. 
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B. Elements. An element has been defined as “a sub- 


stance which has definite properties and which, under ordinary 
conditions, is not subject to further simplification.” It is a 
compound of molecules which are themselves made up of 
atoms. 

All matter is made up of chemical elements, of which more 
than ninety have been recognized and named. Only a few 
are of vital importance to the farmer. 

Some of the more common elements are nitrogen, phos- 
phorus, hydrogen, oxygen, and carbon. Nitrogen is a gas. It 
constitutes nearly four-fifths of the atmosphere. Phosphorus 
in the elemental form is a wax-like substance which burns 
spontaneously when exposed to the air. Potassium is a solid 
which produces violent burning upon coming in contact with 
water. These three elements are purchased in fertilizers. One 
can readily appreciate a farmer’s predicament if he should 
attempt to secure and apply them in their elemental form. 

C. Compounds. Chemical elements rarely occur separately 
in nature except in the atmosphere, but are combined to form 
what are known as chemical compounds. Compounds, then, 
are chemically combined elements and as such constitute mat- 
ter. Although certain of these elements are of tremendous 
importance to the farmer, he deals with them largely as com- 
pounds. 

Nitrogen is an important fertilizer constituent. When it is 
combined with hydrogen in the proportion of 14 to 3 by 
weight, the compound ammonia is formed. Prior to about 
1930 it was customary to speak of the nitrogen content of 
fertilizer in terms of ammonia. This compound ammonia, like 
the element nitrogen, is a gas and cannot be used directly as 
a fertilizer. A more complex compound, such as sulfate of 
ammonia, must be used to furnish the nitrogen of fertilizers. 
This compound contains, in addition to the hydrogen and 
nitrogen, two other elements, sulfur and oxygen. Sulfate of 
ammonia is a stable, soluble salt which, as purchased by the 
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farmer, contains about 2014 per cent of nitrogen, equivalent 
to 25 per cent ammonia. 

D. Molecule and atom. The molecule may be defined as 
the smallest unit of matter that normally exists alone. It 
is composed of atoms, which were at one time considered in- 
divisible. Though known to consist of electrically charged 
portions called electrons and protons, atoms normally react as 
units in the chemical changes with which agriculture is con- 
cerned. 

Although the atom is invisible, it is known to vary in 
weight in the different elements. The comparative weights of 
the atoms of the various elements have been determined and 
are expressed on the basis of 1 for the weight of normal hydro- 
gen. An atom of oxygen weighs 16 times as much as an atom 
of normal hydrogen and, therefore, has a so-called atomic 
weight of 16. The atomic weight of nitrogen is 14, of phos- 
phorus 31, of potassium 39, and of carbon 12. 

E. Symbols. Chemical symbols are abbreviations used to 
designate elements. They might be called the nicknames of 
the elements. For many of the agriculturally important ele- 
ments, the first letter of the name is used as the symbol. 
For example, N is the symbol for nitrogen, P for phosphorus, 
H for hydrogen, and O for oxygen. In other instances, an 
additional letter is used in the symbol, as Ca for calcium, 
an important constituent of lime. The symbol K, used for 
potassium, comes from kaliwm, which is the Latin word for 
the potassium compound, potash. 

F. Formulas. The formula is the abbreviated expression 
of the composition of a chemical compound. It consists of a 
combination of the symbols of the elements entering into a 
compound. It also expresses the number of atoms of these 
elements which are combined to form a molecule of a com- 
pound. 

The compound ammonia, as already explained, consists of 
nitrogen and hydrogen. These elements have been combined 
in the proportion of 1 atom of nitrogen to 3 atoms of hydro- 
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gen. The formula for this compound is NH3; the letters refer 
to nitrogen and hydrogen, respectively, and the figure 3 desig- 


TABLE I 


CHEMICAL ELEMENTS AND RADICALS wiTH SYMBOLS, ATomIC WEIGHTS, 
AND VALENCES 


plments [Cmte | symbat | Am | Yate 

INET. 4 6s bon oe + Al Dik 3 
Boronigeeert cin cts oo cot | ete B 10.8 3 
C@alciumerearey sees a Ca 40 2 
Carbone acer inne | meee Cc UP 4 
Chicrinessmaeee nine — Cl SOO i 
Copperas secre + Cu 63.5 1-2 
Hydrogent ieee + H 1 i 
JiodinesA ke. sewer ae - I 126.9 1 
TrOn rie sce + Fe 56 2-3 
Magnesium........ ~ = Mg 24 2 
Manganese......... + Mn 55 2-3—4-6-7 
Nitrogen. Mace sores ee N 14 3-5 
Oxygen saure sce — O 16 2 
Phosphoruss ere rer ee = oo 12 31 3-5 
Rotassitin ere + K 39 it 
Silicon Weer ee eee Mees oes Si 28 4 
SORIA, 6g gan donde + Na 23 1 
Sulfurte eee - NS) 32 2-4-6 
ZAIN Catster Gee ie + Zn 65.3 2 
RADICALS 

Carbonate........ - CO3 60* 2 

Hydroxidesancce . . — OH lyfe? 1 

INitrateseermere «<= — NO3 62* 1 

Phosphate........ _ PO. 95* 3 

Sulfatercmresn + c.0 = SO, 96* D) 


* Weight of combined atoms. 


nates the number of hydrogen atoms. In the same way, the 
formula P20; designates a compound of the elements phos- 
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phorus and oxygen in which the atoms are combined in the 
proportion of 2 of the former to 5 of the latter. This com- 
pound is known agriculturally as phosphoric acid, and is still 
commonly used to express the phosphorus content of fer- 
tilizers. The formula for potash is K.0. The potassium con- 
tent of fertilizers is expressed as the compound potash. 

G. Chemical change. When elements combine to form a 
compound, a rearrangement of the atoms and molecules takes 
place. This is a chemical change or chemical reaction. Com- 
pounds may unite or break apart to form new compounds. 
This represents a very common type of chemical change. Any 
alteration whatever in the molecular make-up of matter con- 
stitutes a chemical change, and is always accompanied by a 
gain or loss in energy. 

In the chemical change of matter, atoms of the different 
elements vary in the number of atoms of another element 
which they will hold or replace. For example, hydrochloric 
acid (HCl) consists of 1 atom of hydrogen combined with 
1 atom of chlorine. In water (H2O) we find that 2 atoms 
of hydrogen are combined with 1 atom of oxygen, and in 
ammonia (NH3) there are 3 atoms of hydrogen to 1 of nitro- 
gen. The term valence refers to the number of atoms of 
hydrogen or chlorine which may be held or replaced by an 
atom of a specified element. Hydrogen and chlorine have 
a valence of 1 each; oxygen, then, based on the composition 
of water, would have a valence of 2. Nitrogen combines with 
3 atoms of hydrogen to form ammonia, and is said to have 
a valence of 3. Some elements have other valences, and a 
few have more than 1 valence each. 

The structural formula of a chemical compound showing the 
valence relationships of the elements composing it may be 
made clear by the use of simple diagrams. For example, the 
relationship of the hydrogen and chlorine in hydrochlorie acid 
could be shown thus: H—Cl, with the symbols of the two ele- 
ments joined by a single line which would indicate that each had 
a valence of 1, or that each was monovalent. The formula for 
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water could be graphically represented as 0g , which would 
H 


indicate a valence of 2 for oxygen, and the formula for ammonia 


H 
as NCH , showing a valence of 3 for nitrogen. 


Ni 

Phosphoric acid, as the term is used agriculturally, refers 
to the compound P20s5, in which phosphorus has a valence of 5 

O 
aN 


and oxygen of 2. The structural formula would be aS 
Na 
which shows 5 valences for each phosphorus atom and 2 for 


each atom of oxygen. 
Potassium oxide, commonly referred to as potash, would 


have the structural formula yo since the two monovalent 
K 


potassium elements are combined with one divalent oxygen 
element. ; 

Valence is dependent on the number of positive or negative 
electrons which an atom of an element possesses. These elec- 
trons may be exchanged or shared in pairs by two atoms. 
However, in a compound there are an equal number of posi- 
tive and negative valences. 

In Table I the valences are recorded, as well as the sym- 
bols and atomic weights of the more important elements with 
which one is concerned in the study of soil and the growth of 
plants. The metals carry a positive charge and are marked 
“+”; the non-metals carry a negative charge and are desig- 
nated as “—”. The radicals—combinations of elements 
which in forming other compounds function similarly to in- 
dividual elements—are also listed. 

H. Molecular weights. When elements combine chem- 
ically to form compounds, they always unite in a definite pro- 
portion by weight. The molecular weight is the sum of the 
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weight of the atoms constituting a molecule of a compound. 
The weight of an atom of hydrogen is 1, for convenience, say, 
1 pound. That of oxygen is 16. Two atoms of hydrogen 
weighing 1 pound each would combine with one 16-pound atom 
of oxygen to form 18 pounds of water. Eighteen pounds of 
water, then, consists of 2 pounds of hydrogen and 16 pounds of 
oxygen. By weight, water is %4g, or 1%, hydrogen, and 164g, 
or 8%, oxygen. The molecular weight of water is 18. 

Phosphorus, with an atomic weight of 31, combines with 
oxygen (atomic weight 16) to form phosphoric acid, P.Os. 
In this compound the elements occur in the proportion of 62 
pounds of phosphorus (2 X 31) to 80 pounds of oxygen 
(5 X 16). Therefore, 142 pounds of phosphoric acid contains 
62 pounds of phosphorus and 80 pounds of oxygen. One ton 
contains 873 pounds (62442 < 2000) of phosphorus and 1127 
pounds (8%42 X 2000) of oxygen. 

In the study of fertilizers it is important to appreciate 
clearly this relation of the molecular weight to the composition 
of compounds. Too few farmers understand the relationship 
between the phosphorus and phosphoric acid in their fertiliz- 
ers, or the relative composition of burned lime and ground 
limestone. 

The chemical compounds of greatest importance in the 
study of soils and fertilizers are listed, together with their 
formulas and molecular weights, in Table II. 

I. Acids, bases, and salts. An acid is a chemical compound 
containing replaceable hydrogen. A base or alkali is a chemi- 
cal compound capable of uniting with the replaceable hydrogen 
of an acid, thereby neutralizing the acid and forming a salt. 
Certain of the chemical elements combine with hydrogen, or 
hydrogen and oxygen, to form acids; others unite with 
hydrogen and oxygen to form bases. Chlorine in combination 
with hydrogen forms hydrochloric acid, HCl. Sulfur combines 
with hydrogen and oxygen to form sulfuric acid, H2SO4. 
Calcium, on the other hand, when combined with hydrogen 
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TABLE II 


CHEMICAL COMPOUNDS WITH FORMULAS AND MOLECULAR WEIGHTS 


Name Formula ay 
Aluminunmugsuliaceseraeirie cerca: Ale(SO4)3 262 
Aluminunigsilicates: aa eee AleSigO7 222 
ATI ON aii crack Siw Ratios ee ae NH3 17 
Ammonium hydroxide.............. NH,0OH 35 
ATOTMONIUIM SULLA bese eerenee eee (NH4)2SO4 132 
Calcium carbonate................. CaCO3 100 
@alciumbhy.droxid eneyan eee Ca(OH): 74 
Calcrumyoxide sean rere ren ae CaO 56 
@alciummsultatenenen: ieee ree CaSO4 136 
@srboni@ioxidesm erie eee COe 44 
EivdrochlGgic;acid sees rte ner HCl 36.5 
Magnesium carbonate.............. MgCOs3 84 
Magnesium hydroxide.............. Mg(OH)s2 58 
Marnesiumioxid emer e eee ere MgO 40 
INitrictacic ae seaceriee eee errs HNO3 63 
IPhOsphoriceacl (igs aerate ee H3PO4 98 
Phosphoric acid (agriculturally) P2O5 142 
Monocalcium phosphate............ CaH4(PO.)o 234 
Dicalciumiphosphate sais CazgHe(PO.)2 he 
Tricalcium phosphate............... Caz(PO4)e 310 
Potassiumechloric cept eet ee nae KCl 74.5 
Rotessiumesulfiatennen erase KeSOu 174 
Sodiumuechloridessaee eee NaCl 58.5 
So diumeni tra tessa NaNOs3 85 
‘Wrater.\. Soe tacec cette ae eee HO 18 


and oxygen forms hydrated lime, Ca(OH)», used for correct- 
ing the acidity of soils. 

A salt is a chemical compound resulting from a chemical 
reaction between an acid and an alkali. A neutral salt is 
neither acid nor alkaline in character. Common table salt 
will result from mixing the proper amounts of sodium hy- 
droxide, NaOH, a caustic alkali similar to lye, and concen- 
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trated hydrochloric acid, HCl. Both the hydroxide and the 
acid are poisons; but when they are mixed in the proper 
proportion, a chemical change takes place and two harmless 
compounds, water and common salt, result. 

J. Ions and ionization. Many compounds, when dissolved, 
partially separate into electrically charged portions called 
tons. These ions may consist of single atoms or groups of 
atoms, some carrying a positive charge and others a negative 
charge of electricity. The breaking up of a compound into 
ions is called ionization. 

Acids, bases, and salts usually undergo ionization to some 
extent, at least when they enter into solution. With an acid, 
such as hydrochloric (HCl), the molecules split into positive 
or +H ions, called anions, and negative or —Cl ions, called 
cations. The strength of an acid solution is dependent on the 
ionized hydrogen which it contains. The acidity of the soil is 
frequently expressed in terms of hydrogen-ion concentration of 
the soil solution.’* 

K. Base exchange. The colloidal content of the soil is 
often referred to as the colloidal complex. Until relatively 
recent years, its significance in various chemical, physical, and 
biological activities within the soil was not appreciated. Even 
today these activities in their relation to plant growth are not 
fully understood. They constitute an interesting field of 
study for the research chemist. 

It has been found that the colloidal material, though too 
fine for the individual particles to be identified by microscopic 
examination, is made up of crystals which consist of thin 
layers or plates. Water may move in or out from between 
these plates resulting in expansion or contraction. Thus, soil 
expands on becoming wet and contracts on drying, and the 
greater the content of colloidal material the greater the degree 
of expansion and contraction. 

The colloids are composed largely of aluminum and iron 

14 See General Information, Chapter VI, for relation of hydrogen-ion 
concentration to the liming of soils. 
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silicates. Between the layers or plates of silicates are cations 
of such elements as calcium, magnesium, potassium, hydrogen, 
and sodium. These are subject to replacement by other posi- 
tively charged ions. Such replacement or exchange of ions is 
called base exchange. 

From the standpoint of supplying nutrients to plants, this 
property of the colloidal complex of the soil is of practical 
importance, for it enables the soil to hold in a form usable by 
plants such nutrients as ammonia, calcium, magnesium, and 
potassium. It is largely as the result of base exchange that 
the water-soluble potash content of fertilizers and the nitrogen 
content also, when such nitrogen is in the form of ammonia, 
are not subject to serious leaching from the soil. 

L. Essential elements. At one time it was thought that 
only 10 chemical elements were absolutely essential for plant 
growth. The 10 formerly called essential elements and now 
referred to as major nutrient or fertilizer elements, are: 


1. Nitrogen. 6. Magnesium. 
2. Phosphorus. 4. bom 

3. Potassium. 8. Carbon. 

4. Sulfur. 9. Hydrogen. 
5. Calcium. 10. Oxygen. 


Recent investigations have shown that other elements are 
essential in minute quantities, and that the growth of crops 
on certain soils is benefited by their application. They are 
commonly spoken of as minor or rarer nutrient or fertilizer 
elements. Additional knowledge will undoubtedly modify any 
attempted listing. The following group of so-called minor 
nutrient elements is based on the most reliable information 
available. 


1. Boron. 5. Manganese. 
2. Chlorine. 6. Silicon. 
3. Copper. 7. Sodium. 


4. Iodine. 8. Zine. 
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Of these, boron, manganese, copper, and zinc are of especial 
importance. Although they are required in small amounts, 
larger quantities of these elements, especially boron, may 
become very toxic to plants. 

Of the nutritive elements, carbon, hydrogen, and oxygen 
are secured mostly from air and water. The nitrogen supply 
is furnished largely by the soil organic matter, but atmos- 
pheric nitrogen is utilized by leguminous plants. The other 


Fig. 28. Corn Growine In SAnp. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


Of the essential elements of growth, nitrogen, phosphorus, and potassium are con- 
sidered the real fertilizer elements. 


elements are supplied both by the mineral and organic-soil 
material. 

Nitrogen, phosphorus, and potassium supply most of the 
nutritive value of commercial fertilizers and may be consid- 
ered the three real or major fertilizer elements. However, 
certain of the other elements listed, especially calcium, 
chlorine, magnesium, and sulfur, are contained in most mixed 
fertilizers, and all are present in small amounts, at least, in 
farm manure. All agricultural lime contains calcium, and 
often magnesium as well. Consequently, in liming soils to 
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reduce acidity these two elements are generally supplied. Cal- 
cium, magnesium, sulfur, iron, boron, manganese, copper, and 
zine constitute the group of minor fertilizer elements. 

The eighteen elements mentioned are listed with their sym- 
bols, valences, and atomic weights in Table I. In Table II 
are grouped most of the important compounds which enter into 
practical problems of soil fertilization and crop production. 
One should be thoroughly familiar with this tabulated ma- 
terial, as it is essential to the further study of soil fertility.?® 

It has been found that substances called plant hormones 
may at times have a stimulating effect on the growth of 
seedling plants. Little is known about such substances, and 
their practical value appears to be confined to the stimulation 
of root growth in young plants which are being transplanted. 
Their importance for the treatment of soils has probably been 
overrated in order to stimulate sales. So far as is known at 
present, they cannot be used to any advantage in the produc- 
tion of field crops. 


4, Puant-Foop Suppiy 


A. Soil analysis. The productivity of a soil is largely 
dependent on the supply of plant-food that becomes available 
during the cropping season. The three elements nitrogen, 
phosphorus, and potassium are most likely to be deficient in 
farmed soils. Calcium and magnesium are frequently de- 
ficient, at least in available form. A deficiency of active 
calcium is generally associated with high soil acidity. The 
other elements are rarely inadequate for the normal growth of 
crops. It is of importance to know something about the plant- 
food supply of the soil and its relation to fertilizer practices. 

The chemist can analyze a sample of soil and determine 
the amounts of the various chemical elements which it con- 

15 Unless students have had a course in chemistry, this discussion 
should be supplemented with a few simple laboratory demonstrations, 
such as outlined in “The Chemistry of Farm Practice,’ by T. E. Keitt, 
published by John Wiley & Sons. 
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tains. Because many factors other than soil composition must 
be considered in determining the system of fertilization, the 
results of a chemical analysis are not sufficient to enable either 
the chemist or the farmer to determine just what fertilizer will 
be most profitable in a given year. Even go, the plant-food 
content of the soil, as revealed by chemical analysis, is of 
importance. This information has been helpful in the develop- 
ment of modern systems of soil fertilization. Further chemical 
studies of field soils may be expected to reveal additional 
information necessary for the development of more efficient 
systems of soil management.?® 

B. Available plant-food. The plant-food of the soil is 
supplied partly by the rock material or mineral matter, and 
partly by the organic matter. Under either condition the 
chemical elements occur as compounds. These compounds are 
relatively stable in character and are insoluble in water. The 
plant-food is said to be in an unavailable form. Before plants 
can utilize it, chemical change must take place and new com- 
pounds which are soluble in the water of the soil must be 
formed. As organic matter decomposes in the soil, the carbon 
liberated may unite with oxygen, forming carbon dioxide. 
This unites with water to produce carbonic acid, H,COs, 
which functions in making the plant-food available. Produc- 
tivity depends not primarily on the total amount of plant- 
food in a soil, but rather on the amount which becomes 
~ available during the cropping season. It is also dependent to 
some extent on the proper balance or proportional amounts of 
the soluble forms of these elements. Other things being equal, 
the amount of plant-food becoming available is in proportion 
to the total supply. However, certain methods of soil treat- 
ment and manipulation increase the rate at which the un- 
available plant-food changes to the available form. In gen- 
eral, it can be said that good farming makes plant-food 
available; poor farming keeps it locked up in the soil. 


16 See General Information at end of Chapter VII for discussion of 
simplified soil tests. 
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C. Weight of plowed soil. The chemical composition of a 
soil is commonly expressed in terms of pounds of plant-food to 
the acre. The amounts of nitrogen and phosphorus are gen- 
erally so small that they constitute only a small fraction of a 
per cent of the weight of the soil. It is of interest in this 
connection to know something about the weight of field soils. 
The plowed soil of an acre has been found to weigh, when 
thoroughly dry, about 2,000,000 pounds. Peat and muck have 
been estimated on the same basis as having a weight of 
1,000,000 pounds. These figures are based on the assumption 
that soils are, on the average, plowed to a depth of approx- 
imately 7 inches. Subsoils are similar in weight, and may be 
estimated on the basis of 2,000,000 pounds an acre for each 
6-inch depth of mineral soil, and 1,000,000 for peat and muck. 

D. Potassium, phosphorus, and sulfur. The potassium, 
phosphorus, and sulfur content of the soil occurs largely in 
the mineral material, though soil organic matter contains a 
small amount of potassium and phosphorus and as much as one- 
half of the sulfur. The common soil-forming rocks contain rela- 
tively large amounts of potassium, so that the soil grains 
resulting from their disintegration are well supplied with this 
constituent. Some mineral soils have been found to be de- 
ficient in total potash. Particularly is this true of sandy soil 
which generally has a high quartz content. Whereas such 
soil may contain less than 10,000 pounds of potassium in the 
surface 7 inches of an acre, most farm’ soils have from 20,000 
to 40,000 pounds of potassium to the acre. The availability, 
rather than the total amount of potassium, is of most concern 
to the farmer. 

Soils are not so well supplied with phosphorus and sulfur. 
The latter element is constantly being supplied by rain and 
by commercial fertilizers. In some instances, especially in the 
northwestern states, soils have been found deficient in sulfur 
for some crops—alfalfa in particular. Phosphorus is a uni- 
versal constituent of mixed fertilizers, and, so far as is known, 
must be supplied to most soils in some commercial form to 
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maintain crop yields. Superphosphate is a fertilizer exten- 
sively used to supply phosphorus. Farmed soils may be ex- 
pected to contain between 500 and 1500 pounds of sulfur and 
of phosphorus to the acre 7 inches. 

E. Calcium and magnesium. While the two mineral ele- 
ments, calcium and magnesium, are required for the nutrition 
of plants, they are of greatest practical value because of their 
relation to soil acidity. They are not commonly so deficient 
in the soil that crops suffer on account of an inadequate 
amount of either one as plant-food. However, an inadequate 
supply in the form of certain chemical compounds permits the 
soil to become too acid for many crops, and the injurious 
effect of acidity may be due to insufficient quantities, especially 
of calcium in an available form. In the form of agricultural 
lime, calcium and magnesium are added to the soil for the 
purpose of counteracting the acidity, or, as is sometimes said, 
to sweeten the soil. Magnesium sulfate is applied to some 
extent when soils have been found to have a magnesium defi- 
ciency. 

Surface soils to the plow depth may be expected to contain, 
to the acre, from 5000 to 10,000 pounds or more both of 
calcium and of magnesium. The amount depends partly at 
least on the lime content of the parent rock. In a soil derived 
from limestone, a high calcium and usually a high magnesium 
content may be expected. In dry climates the calcium and 
magnesium content of soils may be especially high because 
the rainfall has been insufficient to remove these elements 
through leaching. 

F. Nitrogen and organic matter. The nitrogen of soils is 
found largely in the organic matter. As this organic matter 
decomposes, the nitrogen becomes available and is either used 
by plants or leached from the soil. In arid sections soluble 
nitrogenous salts may accumulate in the soil because there is 
insufficient rain to wash them out or to permit any great 
amount of plant growth. If, through careless systems of man- 
agement, the organic-matter content of a soil is permitted to 
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become depleted seriously, the injurious effect on most crops 
is due primarily to an inadequate supply of available nitrogen. 
In fact, there is such a close relationship between the supply 
of active organic matter and the nitrogen content of farmed 
soils that a marked deficiency of one constituent indicates a 
lack of the other. 

It is not an easy matter to maintain the organic-matter 
supply at a high level. Fresh organic matter is constantly 
subject to decomposition, and the supply can never be greatly 
increased when a soil is cropped. Humus accumulation is de- 
pendent on the supply of nitrogen since the nitrogen-carbon 
ratio seldom exceeds 20 to 1. Therefore, the return to the soil 
of organic matter with a high nitrogen content is necessary for 
the rapid accumulation of humus. Consequently, farm manure 
and legume green manure crops are more efficient sources of 
organic matter than are straw and non-legume green manures. 

Since the effectiveness of organic matter in supplying 
nutrients is dependent to a large extent on the rate of de- 
composition, it is of importance to appreciate the factors 
which influence this important biochemical process. Imma- 
ture green plants will decompose more rapidly than mature 
ones. An adequate supply of nitrogen to satisfy the needs 
of the decomposing bacteria is essential. For this reason the 
addition of fertilizer nitrogen, especially to material with a 
low nitrogen content, will hasten the process. Otherwise, 
soil conditions must be made favorable for the activity of the 
nitrifying bacteria of the soil.. Adequate soil aeration is 
important, as is a favorable soil reaction. Consequently, 
adequate drainage and tillage should be provided and suffi- 
cient lime applied to counteract soil acidity to the point 
favorable to the functioning of the decomposing organisms. 

Since most soils are not abundantly supplied with organic 
matter, they have a relatively low nitrogen content. This 
nitrogen is confined largely to the surface soil. Only in arid 
regions is there any great amount of nitrogen in subsoils. This 
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means that the crop-producing capacity of a soil will be ex- 
hausted as the organic matter in the surface layer completely 
decomposes into humus and its supply of nitrogen is largely 
liberated. This element can be supplied as fertilizer, but it is 
expensive and, at best, can be used in relatively small amounts 
except in intensive systems of farming. For most field crops, 
it has been found necessary to supplement the soil supply of 
nitrogen through the application of manure and the production 
of legumes. 

Surface soils generally contain from 1000 to 5000 pounds 
of nitrogen to the acre 7 inches. Some sandy soils, particularly 
in the South where climatic conditions have been especially 
favorable for the decomposition of organic matter, may con- 
tain less. The brown and black prairie soils may have as much 
as 10,000 pounds, and some peat has 40,000 pounds of nitrogen 
to the acre. 

G. Alkali soils. Alkali soils differ greatly from ordinary 
soils in composition. Their one outstanding characteristic is 
their high soluble-salt content, but in addition they are gen- 
erally poorly supplied with organic matter. They are unpro- 
ductive, not because of a deficiency of plant-food, but rather 
because of an overabundance of soluble salts. In the manage- 
ment of alkali soils, one is concerned with the reduction of the 
soluble-salt content of the soil, and not with the application 
of additional soluble material in the form of commercial fer- 
tilizers. 

H. Composition of farm soils. Although neither the im- 
mediate productiveness nor the fertilizer requirement is en- 
tirely dependent on the soil composition, it should be evident 
that chemical soil analysis has furnished information of tre- 
mendous value. In order properly to interpret the results of 
an analysis of a soil, which gives the total plant-food content, 
a standard for comparison is necessary. The composition of a 
soil capable of furnishing adequate amounts of nitrogen, phos- 
phoric acid, and potash for maximum crop growth would 
furnish such a standard. A soil containing the following total 
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amounts of plant-food in the surface 7 inches of an acre would 
be expected to meet this requirement: 


Nitrogen. GN ies eee ace 5,000 pounds 
Phosphoric acid (P20s) ......... 4,500 pounds 
iRotashu(ke ©) Basar ree 10,000 pounds 


Not only should these plant-food constituents be present in 
proper amounts, but in addition there should be no marked 
lime deficiency, or the resulting soil acidity would seriously 
interfere with the production of certain of the common field 
and garden crops. The composition of several representative 
soils is given in Table III. 

It is of importance to remember that the plant-food in the 
soil must be in an available form—that is, dissolved in the soil 
solution—before plants can utilize it. Consequently, it is a 
question not only of the total soil supply of plant-fooc, but 
also of the rate at which this supply becomes available. Nor 
should one overlook the fact that good systems of farming 
not only return plant-food to the soil, but likewise maintain a 
high rate of availability of that supplied by the soil. 

In addition to analyzing soils for their total plant-food 
content, determinations of the so-called available supply have 
been made. Weak acid solutions of such concentration that 
theoretically they would dissolve only the soil nutrients avail- 
able for the growth of plants were first used, but with no great 
degree of success. Comparatively recently there have been 
developed more or less simplified tests commonly referred to 
as rapid or quick soil tests for determining nutrient deficiencies 
of soils. The results may often be of value if the tests are 
made by an experienced laboratory technician, and interpreted 
by someone with wide experience in evaluating the various 
factors influencing the growth of crops. However, in them- 
selves, the results of such tests can never be used successfully 
for determining the best system of fertilizing a particular soil 
or an individual crop. In fact, no known method of soil 
chemical analysis supplies this information. 
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Chemical soil studies have been and still are being used 
in solving the many intricate problems associated with the 
fertility of the soil and the growth of plants. Information 
secured as the result of any reliable method of chemical soil 


TABLE III 


COMPOSITION OF SURFACE SOILS 


Pounds of Total Plant-Food in 
2,000,000 Pounds of Soil 


Description of Soil Location Phoe: 
Nitrogen] phoric | Potash] Lime 
N acid 

(P20s) | (X20) | (CaO) 
Limestone valley. ....} Pennsylvania 2,400 YROO | GEHROO ios ao 506 
Residual (shale)...... West Virginia} 2,750 | 1,624 | 26,400]....... 
Glacial (limestone)... .| New York 4,800 | 3,220 | 40,440 | 2,520 
Glacial (shale)....... New York 5,200 | 2,732 | 44,616 259 
Coastal plain........ New Jersey 1,300 | 3,119 | 18,836] 2,560 
Maryland barrens....] Maryland |........ 414 2,400 812 
Piedmont plateau..... No. Carolina 790 1,288 | 55,440} 4,452 
Coastal plain sand... .} So. Carolina 759 SG (aan elu 928 eee 
Timbered glacial soil. .| Ohio 1,860 | 2,116 4,756 | 5,180 
raya DrAltle merry Tllinois 2,777 | 1,868 | 30,798} 5,820 
Brown prairie average .| lowa 5,458 | 3,209 | 34,490]....... 
Peat (1,000,000 Ibs.).. .| Wisconsin 33,900 | 3,611 HevAN owascen 
Upland, Brazos Co... .| Texas 1,620 695 | 15,518] 6,201 
Gray timber soil...... Missouri 2,800 | 2,530 | 41,821 | 18,400 
Prainleve eae elosiveet Kansas 2,800 1,686 | 19,716 | 10,800 
Residual limestone....| Kentucky |........ 1,895 | 32,063 | 11,918 
Black prairie (glacial) .}| No. Dakota Geen || Sys |] Sul Nee seca 


analysis, whether it determines total or available plant-food, 
may be of value as supplemental information in develop- 
ing practical systems of soil management, including fertilizer 
practices. However, one should never make the mistake of 
basing the fertilizing or liming practice solely on the result 


of soil tests. 
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COMMUNITY STUDIES 


1. If a soil survey has been made of the local county, secure a copy 
of the soil map and report and use them in connection with your field 
studies of the soil. 

2. Determine, if possible, the geological formation of the soil of your 
community. If more than one formation exists, compare the soils of 
the different formations. Road and railroad cuts afford good opportu- 
nities for studying the character of soil formations. 

3. With a soil auger or spade, excavate the soil to a depth of 2 or 3 
feet. Determine the depth and color of the surface soil. The color of 
the subsoil. 

4. Examine the surface soil carefully. Is it sandy or sticky in char- 
acter? Would you class it as loam, sandy loam, silt loam, clay loam, or 
clay? What is the texture of the subsoil? 

5. Compare the organic-matter content of the surface soil and sub- 
soil. Is this soil well supplied with organic matter? 

6. If the soils have been surveyed, compare several of the different 
types, and locate on the land the boundary lines between them as shown 
on the soil map. 

7. Examine the surface soil of an old field, and of virgin timber land. 
What differences do you find? 

8. Are the soils of the community equally well drained? If not, 
what causes the difference? Are any of the farm soils artificially drained? 

9. Are there any abandoned farms in your community? If so, list 
the main reasons why these farms are submarginal. 

10. Does the natural vegetation in your community indicate good or 
poor soils? Does it indicate an acid soil condition? What do the farm 
crops indicate as to fertility and acidity conditions? 

11. List the advantages and disadvantages of your home community 
for the types of farming followed. 


PROBLEMS 


1. How many pounds of chlorine are there in 36.5 pounds of hydro- 
chloric acid? 

2. State the chemical formula for calcium oxide, and calculate the 
percentage of calcium and of oxygen in this compound. See Table II. 

3. What would be the percentage of phosphoric acid in the surface of a 
mineral soil which contains 3000 pounds of this plant-food in the plowed 
soil of an acre? Of a peat or muck soil that contains 1500 pounds of 
phosphoric acid? 

4. List the names of the elements and of the compounds that 
enter into the following chemical reactions: CaCO3 + 2HCl = CaCls + 
CO2-+ H20? Which is a base, which an acid, and which a salt? 
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Nitrogen and Organic Matter in the Soil. N. Y. (Cornell) Bul. 201. 
Shall We Move to the Country? Ill. Cir. 479. 

Soil and Its Management. Wash. Bul. 218. 

Soil Conservation in an Improved Agriculture. Mo. Bul. 362. 

Soil Fertility in Relation to Productive Land Value. Ore. Cir. 113. 
Soil Fertility Losses Under Missouri Conditions. Mo. Bul. 324. 
Soil Management for Kentucky. Ky. Ext. Cir. 272. 

Success with Sandy Soils. Wis. Bul. 416. 

Systems of Farming in Nebraska. Neb. Bul. 309. 

The Good Use of Farm Land in Missouri. Mo. Ext. Bul. 332. 
The Principal Soils of New Jersey. N. J. Bul. B569. 

The Soils of Arkansas. Ark. Bul. 187. 

Type of Farming and Ranching Areas in Wyoming. Wy. Bul. 228. 
Types of Farming and Farm Business Studies. S. C. Bul. 310. 
Types of Farming in Tennessee. Tenn. Bul. 170. 

* Only publications available for distribution are listed. There are numerous 
experiment station bulletins and circulars dealing with soil problems that are out 
of print, but which may be found in agricultural libraries. To obtain copies of 
current lists of publications consult the United States Dept. of Agr. and the ex- 


periment stations. The addresses of the agricultural experiment stations are given 
in the Appendix. For reference books on management and fertilization of soils see 


Appendix, 


CHAPTER II 
GROWING THE CROP 


The soil is by no means the only factor to which one must 
look in the production of farm crops. Their successful pro- 
duction necessitates an understanding of how plants grow and 
of their requirements for good yields. Therefore, the essentials 
of plant growth must be understood in order that the soil may 
be managed in such a way as to meet adequately the needs 
of the crop. 


Operations: 


1. Supplying the crop needs. 
2. Fertilizing different crops. 
1. SuppLYING THE Crop NEEDS 


For the successful production of farm crops, the require- 
ments for normal growth must be supplied in a practical way. 


Factors to be considered: 


A. Seed. 

B. Seed-bed. 

C. Light, air, and heat. 
D. Water. 

E. Nourishment. 

F. Negative factors. 

G. Crop rotation. 


A. Seed. Most farm crops are reproduced by means of 
seed, though vegetative parts, such as cuttings and runners, 
are employed in growing certain fruits and vegetables. With 
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potatoes and similar crops which are reproduced by means of 
tubers, it has become customary to apply the word seed to the 
tubers that are saved for planting, designating them by a 
term such as seed potatoes. Obviously, either seed, or living 
tissue of some sort, is absolutely essential for the growth of 
plants. 

In agricultural practice the choice of seed is a most im- 
portant factor in the successful production of crops. The seed, 
first of all, must show a high percentage of germination. Test 
the seed if there is any doubt as to its germinating quality. 
The size of seed influences the yield. When it is practical, 
separate out the small and immature seed, and plant only the 
large ones. Clean seed is desirable. Seedsmen commonly 
remove the weed seed and other impurities from their product 
before it is marketed, nevertheless, in the purchase of seed, both 
purity and germination should be checked. Home-produced 
seed oats, wheat, and barley should be put through a fanning 
mill. 

The ability of a plant to produce is an inherited character- 
istic. Seed capable of producing good yields must itself have 
been produced by high-yielding plants. Some varieties have 
been found to possess high-yielding qualities. Much has been 
accomplished through plant breeding and selection in the 
origination and improvement of strains and varieties of farm 
crops. Recently, as the result of double crossing, high-yield- 
ing strains of certain grain and silage crops have been de- 
veloped. There is a large amount of information available to- 
day relative to the adaptation of crop varieties to the climatic 
and soil conditions of the various sections of the country.’ 

For the successful production of red clover and alfalfa in 
the northern states, hardy, northern-grown seed must be used. 


1See General Information at end of chapter for explanation of seed 
germination. 

2See “Crop Production and Soil Management,” by J. F. Cox, pub- 
lished by John Wiley & Sons, for crop varieties and the selection and 
testing of seed. 
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Fig. 29. Winter Kiuiine or Atratra. (Agronomy Dept., N. Y. State 


Col. of Agr.) 


For the successful production of red clover and alfalfa in the northern states, hardy, 
northern-grown seed must be used. 


Fic. 30. A Weui-Preparep Srep-Bep. (Agronomy Dept., Ill. Agr. Ex,:. 
Sta.) 


A well-prepared seed-bed is essential in the production of most crops. 
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Certain crop diseases, such as potato scab and oat smut, are 
carried by the seed. Control these diseases by treating the 
seed. 

B. Seed-bed. The germination of the seed and the growth 
of the plant are dependent on the quality of the seed-bed. A 
well-prepared seed-bed is essential in the production of most 
crops. The soil functions as a foothold or home of the plant 
roots, and as such may be materially modified in character 
by the farmer. It is commonly spoken of as supplying me- 
chanical support for growing plants. The texture of the soil, 
which is determined by the size of the soil grains, cannot be 
changed, but the structure or tilth may be improved through 
proper soil manipulation and treatment. Good seed-bed 
preparation, which at the same time furnishes favorable con- 
ditions for the proper development of the roots of crops, is 
dependent largely on drainage, an adequate supply of organic 
matter, and proper tillage. 

C. Light, air and heat. Light is an absolute essential for 
the growth of ordinary plants. The successful growing of 
crops requires not only light but a certain amount of actual 
sunshine. 

Any growth made by plants in the absence of light lacks 
the green color so characteristic of vegetation. Everyone is 
familiar with the sprouting of potatoes in the dark cellar. So 
long as light is excluded, the sprouts are white; but when 
potatoes sprout in the light, green leaves are developed. This 
green coloring matter, called chlorophyll, the presence of which 
is dependent on light, is absolutely necessary for the nutrition 
and growth of the ordinary farm crops. Since the farmer has 
little or no control over light, it is fortunate that nature has 
made adequate provision for furnishing this essential of plant 
growth. 

Plants draw heavily on the air for nourishment. In fact, 
they secure a much larger proportion of their nutrient require- 
ments from the atmosphere than from the soil. Without air, 
plant growth would cease. Fortunately, as with light, nature 


68 GROWING THE CROP 


ordinarily provides an adequate supply of air. The farmer 
need give no thought to the air supply in the growing of field 
crops except when, owing to poor drainage or poor tilth, the 
soil becomes inadequately aerated. 

A certain amount of heat is necessary for seed germination 
and for plant growth. The seed of some plants will germinate 
at a much lower temperature than that of others. In the same 
way, some plants continue their growth when the temperature 
is low enough to retard that of other kinds of vegetation. As 
the freezing point is approached, both germination and growth 
cease. The optimum or most favorable temperature for the 
growth of a given crop is always considerably above that 
which permits growth. For example, corn will make some 
growth with the temperature as low as 50 degrees, but the 
maximum rate of growth is not obtained until the temperature 
rises to a little above 90 degrees. 

When the soil temperature exceeds the optimum for a 
given crop, the rate of growth is reduced. The low carrying 
capacity of permanent pastures in midsummer is often due 
to high soil temperature as much as or more than to inadequate 
moisture. 

Table IV gives the minimum and optimum temperatures 
for the growth of some of the common farm crops. Germina- 
tion temperatures are about the same as those given for 
growth. 

The sun is the great direct source of heat. The heat, which 
it radiates, is partly absorbed by the soil during the day, and 
given off to some extent at night. The rapidity with which 
a soil absorbs the sun’s rays is partly determined by the sur- 
face color. A black soil warms up more rapidly than a gray 
one. Wet soils warm up slowly. This is due to the large 
amount of heat required to raise the temperature of water, 
and also to the cooling effect of its evaporation from the 
surface. 

Except where crops are grown under glass, the producer 


c6s 


has little control of temperature. Crops must be grown “in 
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season” for best results. The different crops have, to a certain 
extent, their territorial limitations. For instance, there are 
the Cotton Belt, the spring-wheat section, and the citrus-fruit 
districts in the United States. Some crops are very much 
restricted in their climatic adaptation; others can be grown 
successfully in sections differing widely in temperature. Pine- 
apples, cotton, and spring wheat are examples of the former; 
rye, clover, and alfalfa, of the latter. A short-season crop 


TABLE IV 


TEMPERATURE FOR THE GrowTH or Crops. 


(Average Degrees Fahrenheit) 


Crop Minimum Optimum 
Barleyireaa cere. 40 84 
Corrine ee 48 93 
IN elonirinn caret nh 60 98 
Oatsag wanes ares 25) 77 
Pease eer ee. 40 82 
Cloversewn ieee 40 75 
Wiheatiocny ot choc mete 41 84 


may be expected to have a wider territorial adaptation than 
one requiring a long season for full maturity. 

D. Water. Crops require enormous amounts of water. 
Soil water is constantly being taken in through the root system, 
and given off through the leaves by transpiration. A 40-acre 
field of corn during the stage of maximum growth transpires 
fully 800 tons of water daily. Unless the soil is capable of 
supplying adequate amounts of water, crops cannot make their 
maximum growth, and correspondingly low yields result. 
Green plants, on an average, are made up of 25 per cent dry 
matter and 75 per cent water. Some contain as much as 90 
per cent water. Crops require from 200 to 600 pounds or more 
of water for each pound of dry matter produced. Assuming 
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that clover requires 500 pounds of water for each pound of dry 
hay, it would require 1000 tons of water for a 214-ton crop 
of field-cured clover hay having a moisture content of 20 per 
cent. This would be approximately equivalent to a 9-inch 
rainfall. Table V gives the approximate water requirements 
of some of the more common agricultural crops. 

The water supply is at least partly under the farmer’s 
control. In the humid sections, where injury by drought is 
uncommon, and never very serious, little attention is given to 


TABLE V 
Water ReQquirEMENTS OF Crops 


(Average number of pounds of water required per pound of dry matter.*) 


JA Pa Pate .che Gere tector Seamer a ne ree eee 831 
Barley kyo actos eRe re ree 434 
Buckwheat) Satsc.c Ate reer ne manatee 578 
COrn's Aas. aces Be ee ee 368 
Cotton i4 ac Gee ee ee 646 
HE) ee Ane NN cepa s,s Be Oe lk eee 905 
Milleticeti..: tee cae ee ee eee 310 
Oat a eerste ex 2 6 Ne ee 597 
Rites 35 a ee ee eee 710 
FRY Guests Atay see ee ee gee ae a 685 
Sorghum eee ane ara ee eee eee 322 
Sugar’ beets 2 |e a ee eee 395 
Wilt@ait.. 2. du. 72, en aoe ee ea ee 513 


* J. Warren Smith. ‘Agricultural Meteorology,” The Macmillan Co. 


the conservation of soil moisture. Where crops may be in- 
jured either by an inadequate rainfall or by a poorly dis- 
tributed one, more attention is paid to the efficient utilization 
of the available supply. In these subhumid or semi-arid 
climates, systems of dry-land farming have been developed. 
They provide for the conservation of the water supply by 
lessening the surface runoff and the evaporation from the soil, 
by the choice of drought-resisting crops, and by moderately 
light rates of seeding. In the more arid sections, irrigation 
must be resorted to, or the land left unfarmed. Even in the 
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humid regions there are few growing seasons in which the 
yields of some crops are not reduced because of an insufficient 
moisture supply at some period during their growth. 

E. Nourishment. The yield of crops, at least in the humid 
sections of the United States, is dependent more often on the 
plant-food supply than on any other controllable soil factor. 
Even though a relatively small proportion of the weight of 
plants is composed of the plant-food constituents coming from 
the soil, neverthe- 
less, a deficiency of 
some one of these, 
generally nitrogen, 
phosphoric acid, 
potash, or lime, 
controls the yield 
of field crops.* 

Plants secure 
carbon and oxygen 
from the air, hy- 


drogen and oxygen 
The yield of crops, at least in the humid sections of 
from water, and the United States, is dependent more often on the 


all other required _ plant-food supply than on any other soil factor, 
chemical elements 

from the soil. Certain crops, known as legumes, have the 
power when inoculated of utilizing the nitrogen of the air. 
The soil supply of this element is being replenished to some 
extent by the addition of atmospheric nitrogen both through 
the activity of soil organisms and by rain water. Sulfur is 
also added by rain. 

The farmer is most concerned with the three common plant- 
food elements of fertilizers—nitrogen, phosphorus, and potas- 
sium; and with calcium and magnesium, the two most im- 
portant elements of agricultural lime. The commercial 
fertilizer and lime industries have been developed to meet the 


3See General Information at end of Chapter for discussion of the 


feeding of plants. 


Fig. 31. Ferrimizep vs. UNFERTILIZED Hay. 
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farmer’s demand for these two materials. .The farmer himself 
has developed fertilizer and lime practices based largely on 
the crop and soil needs for this group of chemical elements. 

F. Negative factors. In addition to the essential positive 
factors of growth, there are several negative factors. Unless 
controlled by the farmer, these retard the growth and lessen 
the production of crops. This group of negative factors in- 
cludes weeds, crop diseases, insect injury, and the like. They 
often give the farmer more concern than the positive factors 
of crop production. Success in farming necessitates the control 
of weeds and of insect pests. Every farm-reared boy at one 
time or another has had real experience with the weed prob- 
lem. Enormous sums of money have been expended in de- 
termining practical methods for the control of the injurious 
crop diseases and insect pests of the farm. A veritable army 
of scientists is making this problem a life work. Farmers find 
that even the most approved control methods are tremendously 
expensive, and at best only partly effective in combating the 
ravages of insects and crop diseases.* 

The yield of crops may be said to depend on the farmer’s 
supplying the essential positive factors of growth and at the 
same time controlling the injurious or negative factors. The 
final yield of a given crop depends often on the factor supplied 
the least adequately, or controlled the least effectively. Such 
a factor is known as the controlling factor of growth. Take, 
for example, the corn crop. Assume the soil to be in excellent 
physical condition, the season favorable, weeds kept down by 
thorough cultivation, and no serious disease or insect injury 
present. The yield under such conditions would be expected 
to depend on the supply of plant-food which would be, in this 
case, the controlling factor of growth or yield. The growth 
of corn, however, may be controlled by a deficiency of any one 
of at least three different plant-food elements of the soil. 
Normally they would not be equally deficient. Assume further 


4See “Crop Production and Soil Management,” by J. F. Cox, pub- 
lished by John Wiley & Sons, for control of weeds and crop pests. 
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that the soil in which the corn is grown is adequately sup- 
plied with potassium, and that a liberal amount of phosphorus 
is supplied in superphosphate. Nitrogen, then, would be the 
deficient plant-food constituent for corn, and it would largely 
determine the growth and final yield. Under such conditions 
nitrogen would be considered the controlling element of growth 
or of yield. 

The principle of a single factor or of a single element, as 
the case may be, controlling growth is figuratively illustrated 
by a tub with staves of unequal length. The amount of water 


Fig. 32. Freup or Poor Corton. (N.C. Agr. Exp. Sta.) 


The production of the same crop on a field year after year is an unsound practice. 


which the tub will hold depends on the height of the shortest 
stave. In the same way, the yield of crops is dependent on 
the supply of the deficient factor or the deficient element 
of growth. 

The successful production of crops is largely dependent on 
the farmer’s ability to supply the material or to rectify the 
condition which controls the growth of his crops. Profit from 
the farm business necessitates that this be done not only 
effectively but also economically. 

G. Crop rotation. The production of the same crop on a 
field year after year is an unsound practice. Unless liberally 
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fertilized, a soil becomes depleted with such continuous crop- 
ping, and insect injury and crop disease are more difficult to 
control. Farm labor, horses, and machinery cannot be used 
to advantage unless several different crops are produced. 
Cultivated crops like corn, potatoes, and beans do best where 
a sod has been plowed under, whereas alfalfa should be 


Fie. 83. Crover Fretp. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


From the standpoint of the soil, the three-year rotation, in one year of which clover 
is grown, has much to be said in its favor. 


preceded by a cultivated crop. Economically, it is unwise to 
depend on a single crop because the failure of that particular 
crop might result in a complete loss of income for the year. 
Where livestock farming is followed, it becomes necessary to 
produce several of the different feed crops each year. 

In the production of field crops, a rotation varying from 
three to six years should generally be followed. The four-year 
and five-year rotations are most common on the better farms 
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in the grain and hay sections. From the standpoint of the 
soil, the three-year rotation, in one year of which clover is 
grown, has much to be said in its favor. A good field-crop 
rotation should include one cultivated crop and one legume 
crop. Through proper cultivation, weeds may be killed the 
year the land is in a cultivated crop. The legume crop is 
essential as an economic means of supplying nitrogen for the 
other crops of the rotation. In order that the legume may 
function most efficiently in adding atmospheric nitrogen to the 
soil, it should either be plowed under as a green-manure crop, 
or fed to livestock and the farm manure returned to the land. 

In sections where grain is produced as a cash crop, the 
tendency has been to grow these crops continuously. To 
almost the same extent this has been true with cotton. The 
rapid depletion of many soils has resulted from the production 
of such soil-depleting crops as corn, cotton, oats, and wheat 
to the more or less complete exclusion of such soil-building 
crops as alfalfa, clover, and grass. In the production of 
vegetables on high-value land, it has been found necessary to 
utilize soil-building cover crops as green manure, which fre- 
quently can be grown the same year as the cash vegetable 
crop. Fortunately, with vegetables or other high-value crops, 
the returns justify the application of sufficient fertilizer to 
prevent the depletion of the soil supply of plant-food. The 
soil-conservation problem in connection with the production 
of high-value crops is largely one of maintaining the soil 
organic-matter supply and of preventing the loss of topsoil by 
erosion. 

The kind of crops in the rotation, as well as the length of 
the rotation, will depend on many factors, including the fol- 
lowing: crops adapted to the climate and soil, feed require- 
ments of the farm animals, distance from market, and the 
marketing facilities for the different crops. On level land not 
subject to erosion, rowed crops may be grown frequently in 
the rotation, but, on hilly farms, follow long rotations con- 
sisting largely of hay and pasture crops. 
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2. FERTILIZING DIFFERENT Crops ® 


Crops vary in their plant-food requirements. The fertilizer 
application should take into consideration the character of 
the crop as well as of the soil. In fact, fertilizer recommenda- 
tions are commonly made on the basis of different crops rather 
than different soils, and brands of factory-mixed fertilizer 
based on the needs of the individual crops are available.® 

There is, however, no best composition or best amount of 
fertilizer for an individual crop or class of crops. Factors 
other than the crop requirement influence the profit that the 
farmer can expect from fertilizer. Among such factors are 
the character of the soil; the rotation, including green-manure 
crops; the amount and frequency of the manure application; 
tillage practices followed; the cost of fertilizer; and the price 
received for the crop produced. In fact, the composition of 
the fertilizer will necessarily depend somewhat on the amount 
to be applied, or rather, on the size of the fertilizer investment 
on the acre basis. Although these limitations make it im- 
possible to determine definitely the most advantageous fer- 
tilizer application for a given crop or a particular soil, certain 
fundamental principles underlying the economic fertilizing of 
vegetables, fruit, and field crops are well established. 


Procedure: 


A. Compare fertilizing practices on the crop basis. 
B. Utilize the “farm-fertilizer factory.” 


A. Compare fertilizing practices on the crop basis. (1) 
Greenhouse crops. In the fertilization of greenhouse soils, the 
cost of fertilizer need hardly be considered. It is a question 


5 This discussion of fertilizing different crops is very general in char- 
acter. It is inclusive enough to indicate the relation of crop compo- 
sition to fertilizer requirement and should stimulate interest in the crop 
factor as related to soil management. Fertilizer practices are developed 
more fully in Chapters IX to XII. 

® See General Information at end of chapter for the requiremeni of 
different crops. 
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of supplying all the plant-food that will in any way be bene- 
ficial in yield, quality, or date of maturity of the crop; for so 
long as benefit is secured, the investment may be expected to 
return a profit. The rate of application is dependent more 
often on the amount that can be applied safely without in- 
juring the crop than on that which will return a profit on the 


Fie. 34. Lerruce Growine In GREENHOUSE. (Horticultural Dept., 
Ill. Agr. Exp. Sta.) 


In the fertilization of vegetables and flowers grown under glass, a complete fertilizer 
can always be justified, 


investment. It is purely a question of plant nutrition and not 
of economics. 

Obviously, then, in the fertilization of vegetables and 
flowers grown under glass, a complete fertilizer can always be 
justified; for invariably some benefit may be expected from 
each of the three constituents. While the phosphoric acid 
should be proportionately higher in comparison to the nitrogen 
and potash than is indicated by crop composition, it should be 
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proportionately lower than where crops are grown less inten- 
sively. 

It is impractical and uneconomical to depend on legume 
crops as a source of nitrogen. Manure, or other forms of 
organic matter, should be used even though costly; for the 
value of the crop produced will justify large expenditures for 
soil treatment. However, organic matter should be supplied 
on the basis of producing in the soil the most favorable 


Fie. 35. A Home VEGETABLE GARDEN. (Vegetable Gardening Dept., 
N. Y. State Col. of Agr.) 


A fertilizer with the proportion of two parts of phosphoric acid to one each of nitrogen 
and potash is well adapted to the vegetable crops. 


physical and biological conditions for the crops grown rather 
than to supply nutrients. It is cheaper to supply the plant- 
food needs in the form of commercial fertilizers and purchased 
manure than to secure them by means of legumes and green 
manures. In general, use a fertilizer with approximately equal 
amounts of nitrogen, phosphoric acid, and potash, and supple- 
ment with additional nitrogen when necessary. 

(2) Vegetables. In the fertilization of the vegetable 
garden, the use of a complete commercial fertilizer is justified. 
The market gardener and the trucker find that for maximum 


OE 
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returns a fertilizer containing all three constituents is nec- 
essary. 

A fertilizer with the proportion of one to two parts of 
phosphoric acid to one each of nitrogen and potash is well 
adapted to the vegetable crops. Use a complete fertilizer of 
this type in amounts of from 1000 to 2000 pounds to the acre, 
depending on concentration, where vegetables are grown in- 
tensively. With muck or peat soils, use relatively more potash 
and less nitrogen. 

Farm manure has been found especially beneficial on the 
home garden and is highly valued by commercial growers. 
When it is used, increase somewhat the proportion of phos- 
phoric acid in the fertilizer, and when liberal applications are 
made, reduce the nitrogen or leave it out of the fertilizer 
entirely. In some instances, superphosphate along with the 
manure will give satisfactory yields. 

Lime, in amounts to reduce excess acidity of the surface 
soil, has been found imperative for the successful production 
of vegetables. Lime should not be used in excessive amounts 
since most vegetables grow best on a slightly acid soil. For 
watermelons leave the soil in an acid condition, and use pre- 
caution in the liming of potato land because of scab. 

When vegetables such as potatoes, peas, cabbage, and beans 
are grown as cash crops on general farms in the regular field- 
crop rotation, a phosphatic fertilizer material up to a certain 
rate of application, used with manure, will give more eco- 
nomical results than will mixed goods. However, if manure 
is not used, there should be a reasonably heavy application of 
complete fertilizer. Irrespective of the commercial fertilizer 
used in vegetable-crop production, either in field or garden, 
it is important that a high soil organic-matter content be 
maintained through the return of farm manure or green- 
manure crops, or both. 

(3) Cotton. Cotton generally requires a complete fer- 
tilizer for best results. As comparatively little manure is 
produced on cotton farms, the nitrogen needs of cotton, which 
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Fie. 36. A Fretp or Goop Corron. (N.C. Agr. Exp. Sta.) 


Apply 600 to 1000 pounds to the acre of a high-analysis, complete fertilizer 
for cotton. 


Fic. 37. A Sop OrcHarp. 


For orchards in sod make liberal applications of nitrogenous fertilizer or of farm 
manure. 


: 
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are relatively high, must be met largely through the growing 
of legume catch crops, and the application of nitrogenous 
fertilizers. The fact that the soils of the Cotton Belt are so 
commonly deficient in organic matter makes it even more im- 
perative that cotton fertilizer contain considerable nitrogen. 
Apply 600 to 1000 pounds to the acre of a high-analysis com- 
plete fertilizer for cotton. 

(4) Orchards. Experiments with fruit indicate that in 
general an adequate supply of plant-food can be secured from 
the soil. The plant-food most often needed by tree fruits is 
nitrogen. Base the use of the mineral plant-foods, phosphoric 
acid and potash, as well as that of lime, on the requirements of 
the cover crops rather than on the needs of the trees them- 
selves. Where certain fruits are grown on sandy or gravelly 
soil, or others very deficient in available minerals, phosphoric 
acid and potash may be of direct benefit to the trees. 

Farm manure has been found an excellent fertilizing 
material for fruit trees, but unless produced on the farm, it is 
generally too expensive. When properly used, it will give 
good results by itself, as far as the trees are concerned; but 
when one considers the needs of the orchard cover crops and 
the possibility of retarding the maturity of the fruit by the 
use of manure alone, the practice of reinforcing the manure 
with a phosphatic fertilizer is Justified. On most fruit farms, 
little manure is produced, and any that is available can, with 
few exceptions, be used to better advantage on other crops. 

Whether or not fertilizer nitrogen is essential will depend 
largely on whether the orchard is tilled or in sod. Surface 
soils that are well supplied with organic matter are capable, 
when the orchard is thoroughly tilled, of supplying adequate 
available nitrogen to meet the need for both tree growth and 
fruit development. On soils less well supplied with organic 
matter, fruit will respond to nitrogen, and when in the bearing 
stage will return a profit from an investment in a soluble 
nitrogenous fertilizer. Where the nitrogen needs are partly 
or entirely met through tillage, the soil supply of organic 
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matter and of nitrogen is being utilized and ultimately will 
become depleted unless adequate provision is made to renew 
the supply by growing cover crops and plowing them under as 
green manure. 

With sod orchards, the timothy or other grasses are such 
heavy and efficient feeders on the soil nitrogen that the trees are 
unable to secure enough for normal growth or fruitage. 
Consequently, for orchards in sod, make liberal applications 
of nitrogenous fertilizer or of farm manure. With an alfalfa 


Fig. 38. An ALFALFA FIELD. 


Usually a phosphatic fertilizer is the greatest need of legumes, and not infrequently 
it is the only fertilizer treatment that can be justified for the field-grown legume 
roughages. 


or clover sod the need for this additional nitrogen is greatly 
lessened. 

(5) Legumes. Encourage the legumes to draw on the 
atmosphere for their nitrogen needs. This means, first of all, 
that the crop should be thoroughly inoculated. If necessary, 
inoculate the seed or soil and thereby obviate the need of 
applying nitrogenous fertilizers. The legumes, being heavy 
feeders on the mineral elements, should receive liberal amounts 
of phosphoric acid. If the soil does not furnish sufficient 
potash, this also should be supplied in the fertilizer. Beans, 
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peas, peanuts, and some other legume cash crops justify the 
use of fertilizer nitrogen, as well as phosphorus and potash. 
On very poor soils, a complete fertilizer may be necessary to 
the successful establishment of legumes. Usually a phosphatic 
fertilizer is the greatest need of the legumes, and not infre- 
quently it is the only fertilizer treatment that can be justified 
for the field-grown legume roughages. 

Lime has been found to be absolutely essential for such 
legumes as red clover and alfalfa throughout much of the 
eastern half of the United States. In the Pacific Coast states 
sulfur is generally beneficial for alfalfa. 

(6) Pastures and lawns. Ordinarily, complete fertilizers 
are entirely too expensive for use on pastures. Some nitrogen 
and potash are returned to the land in the manure from the 
animals pastured, and sometimes a dairy or livestock farmer 
is Justified in applying manure to the permanent pasture land. 
White clover or other legume plants in the pasture will aid 
in furnishing nitrogen for the true grasses. Phosphoric acid 
is generally the first plant-food need of permanent pastures. 
It is commonly supplied in the form of superphosphate, but 
basic slag or rock phosphate may be used. Under some condi- 
tions potash will pay, but the nitrogen needs must be met, 
except in intensive systems of pasture fertilization, through 
some method that is more economical than is possible with 
mixed commercial fertilizers. 

Lime can be used advantageously on many of the per- 
manent pastures in the eastern third of the United States. 
Unless lime is used where the pasture soil is extremely acid, 
Kentucky bluegrass and white clover will not thrive. How- 
ever, there are many good pasture grasses and some pasture 
legumes which will grow well on soils that are too acid for 
red clover. 

In the fertilization of lawns, the object is not to realize a 
profit but to secure and maintain the desired turf, and the 
actual outlay for fertilizer is not of prime importance. Con- 
sequently, the use of a complete fertilizer in rather liberal 
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amounts is justified. Such a fertilizer should be similar in 
composition to that used on the vegetable garden. For a small 
lawn the nitrogen and potash content of the fertilizer may 
equal that of phosphoric acid, and the three plant-food con- 
stituents may be applied in the proportion suggested for 
greenhouse crops. Fertilizer should be applied to a lawn early 
in the spring just as soon as the grass shows signs of growth. 


Fie. 39. BiurGrass AND WuiTE-CLovER PasturE. (Agronomy Dept., 


Ill. Agr. Exp. Sta.) 


Phosphoric acid is generally the first plant-food need of permanent pastures. 


An additional application may be made later in the season 
if the need becomes apparent. Lime may be required in the 
establishment of a bluegrass and white-clover lawn on acid 
soils. Certain grasses adapted to sour soils in the northern 
states will produce a finer-textured turf than will bluegrass. 
The bent grasses are well suited for lawns, especially where the 
soil is very acid. In the southern states carpet and Bermuda 
grass are the common lawn grasses. Both grow well on acid 
soils. 
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(7) Grain, silage, and hay crops. The fertilization of field 
crops grown for grain and forage presents a problem entirely 
different from that confronting the market gardener, the 
horticulturist, or even the cotton planter. Here the question 
of possible profit from the investment becomes paramount. 
It is not a question of supplying all the fertilizer that will in 
any way benefit the crops, but rather of meeting their needs 
with the minimum investment in commercial fertilizers. 


Fie. 40. Fimtp or Goop Wurat. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


Profitable grain and hay production necessitates the establishment of soil-manage- 
ment practices that will eliminate the need of expensive commercial nitrogen and mixed 


fertilizers. 

The general grain, hay, or livestock farmer must neces- 
sarily depend to a considerable extent on clover and alfalfa, 
along with farm manure, for supplying nitrogen and potash 
for the crop and for replenishing the soil supply. Lime must 
be supplied to counteract excess soil acidity and assure success 
with clover or alfalfa. The nitrogen needs of these field crops, 
which at best give relatively low acre returns, cannot be 
economically secured through commercial fertilizer. This ni- 
trogen must come largely through the growing of legumes 
and the return to the land of farm manure. Where the nitro- 
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gen needs are met in this economical way, a sufficiently large 
available potash supply will often be maintained to meet the 
potash requirements for the grain and hay crops. As a result, 
phosphoric acid becomes the outstanding plant-food require- 
ment, and is often the only one that can be used with profit on 
land that is regularly manured, but if manure is not applied, 
potash will be needed. If a long rotation is followed without 
soil-improving legume crops, or these crops grown infrequently, 
a complete fertilizer relatively high in nitrogen will be re- 
quired for satisfactory yields. A light rate of application of a 
mixed fertilizer may be made to advantage in the row at the 
time of planting, even where adequate superphosphate and 
manure have been applied for the rotation. Nevertheless, profit- 
able grain and hay production necessitates the establishment 
of soil-management practices that will largely eliminate the 
need of expensive commercial nitrogen and mixed fertilizer, 
and at the same time make possible good yields through the 
use of a phosphatic fertilizer alone or in addition to lime. 

B. Utilize the “farm-fertilizer factory.” Irrespective of 
the type of farming, the importance of farm-produced plent- 
food and of the return to the soil of adequate amounts of 
farm-produced organic matter should be appreciated by all 
farmers. In animal manure, green manure cover crops, and 
legumes, particularly the clovers, including alfalfa, farmers 
have the equivalent of a fertilizer factory of tremendous 
capacity. Economic systems of fertilization, so necessary to 
the profitable production of crops, can come about only through 
the adequate utilization of this “farm-fertilizer factory” and 
the intelligent and efficient supplementing of its product with 
lime and commercial fertilizers. Purchased fertilizer should 
supplement and not replace farm sources of plant-food. 
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GENERAL INFORMATION 
1. How Puants Frep 


The application of fertilizer and manure, as well as many 
of the other important practices in the management of soils, 
furnishes available plant-food for the growth of crops. Meet- 
ing the crops’ demand for nourishment is an outstanding 
requirement for successful production. The farmer is so much 
concerned with the feeding of crops that a clear understanding 
of certain functions of plant nutrition is of real interest to 
him. In other words, it is to his advantage to know how crops 
feed. 

Energy is required for the processes of plant growth. This 
energy is supplied by sunlight which plants are able to utilize 
and which they require for producing true plant-food com- 
pounds from the chemical elements supplied by the soil, water, 
and air. From the germination of the seed to the ripening of 
the crop, the life processes within the plant are very complex 
and difficult to understand. They will be outlined briefly 
and as simply as possible. 

A. Germination of the seed. Growth starts with the 
germination of the seed. The seed itself consists of the grow- 
ing part, called the embryo; a supply of stored nourishment 
either in the cotyledons, a part of the embryo, or in the 
endosperm joined to the embryo; and a covering, or seed coat. 
The stored food in the seed consists of various complex chem- 
ical compounds which are very concentrated. As long as the 
seed is properly stored in a dry place, it will retain its ger- 
minating ability for a prolonged period. But even though the 
seed of some crops will retain a high percentage of germination 
for several years, it has been found desirable to depend, so far 
as possible, on fresh seed—that is, seed produced the preceding 
season. 

Three factors are essential for germination: (1) favorable 
moisture content of the seed; (2) oxygen supplied as air; and 
(3) a proper amount of heat. All three essentials must be met 
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before conditions become favorable for germination. If water 
is supplied without sufficient heat or without air, the seed will 
not only fail to germinate, but the germinating power will be 
destroyed. Farmers frequently have this experience with corn 
and other spring-planted crops in cold, wet springs when the 
seed rots in the ground, and replanting is necessary for a 
good stand. The seed-bed should be well drained and aerated 
so that it will warm up early in the season. In the germination 
process, water is first absorbed. This water combines chemi- 
cally with the stored food supply and is transported to the 
embryo. Thus germination and growth begin. The plumule 
pushes upward toward the surface while the root tissues 
develop and extend downward. The supply of stored food 
material in the seed is adequate to nourish the seedling until 
root and leaf development has progressed sufficiently to enable 
it to secure its nourishment from the soil, water, and air. 

B. The soil’s contribution. The root systems of plants 
differ materially in character. Some plants, such as beets and 
carrots, have fleshy roots; others, such as the grains and the 
grass crops, have fibrous roots; still others, including alfalfa, 
have tap roots. All root systems are-similar in that they con- 
sist of the main roots, which penetrate the soil and hold the 
plant in place, and of the small, almost invisible root hairs 
which thickly cover all new root growth. These root hairs are 
not young, immature roots, and they never develop into roots 
proper. On the contrary, each root hair is simply a single, 
elongated cell, with membranous walls through which water 
passes readily. They are located near the tip ends of the 
roots proper, and as the root system expands new root hairs 
are formed, so that the plant is constantly drawing on new 
areas of soil for nutrients. 

The essential plant-foods furnished by the organic matter 
and the rock particles of the soil, consisting largely of nitrogen, 
phosphorus, potassium, calcium, magnesium, and sulfur, must 
be dissolved in the soil water before they can enter the plant. 
These root hairs excrete carbon dioxide (CO,) in the form of 


HOW PLANTS FEED 89 


a gas which combines with the soil water in the immediate 
vicinity of the root hairs and increases its dissolving capacity. 
In this way the plant may increase slightly the availability of 
the nutrients of the soil. It has been found that air is neces- 
sary for the proper functioning of the root system of the plant, 
and when it is completely excluded, as it virtually is in a 
water-logged soil, normal growth ceases. 

C. The function of water. As the soil solution comes in 
contact with the root hairs, it passes through the semi-perme- 
able membrane and combines with the cell solution. This 
passage of soil water is dependent largely on osmotic pressure. 
The movement of liquids through permeable membranes is 
called osmosis, and is always from the less concentrated to the 
more concentrated solution. The cell sap of the root hairs, 
therefore, must remain more concentrated than the soil solu- 
tion for the normal movement to continue. The salts are 
utilized in growth, and water transpires into the atmosphere. 
The soil solution under some conditions may become more 
concentrated than that in the plant; then, the plant wilts. 
Alkali soils may have a solution of soluble salts so concen- 
trated that vegetation cannot grow. ‘Through an excessive 
application of soluble fertilizer, the soil solution may tempo- 
rarily become more concentrated than that within the plant; 
wilting then occurs, and the farmer refers to the resulting 
injury as the burning effect of the fertilizer. 

This absorption of water takes place as long as the total 
concentration of the solution within the root hairs is greater 
than that in the soil. The nutrients are absorbed more or 
less independently of the water itself. As they are dissolved 
in the soil solution they become diffused into their respective 
ions. In the process of absorption there is at least a tendency 
for the ions of a given nutrient to establish an equilibrium 
between soil and root-hair solutions. Thus, a particular nu- 
trient may be absorbed or rejected by the plant, depending on 
the concentration of the ions of the nutrient. This absorption 
of the nutrients from the ionized soil solution, independent 
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of the absorption of water, is the explanation for the so-called 
“selective power” of plants for the soil nutrients. 

The absorbed soil water with its dissolved nutrients does 
not remain in the cells of the root hairs. It passes on from 
cell to cell through the roots and finds its way up through the 
plant to the leaves. Here, it performs the additional function 
of dissolving carbon dioxide, and makes possible its diffusion 
throughout the plant. Water is constantly escaping through 
the stomata into the atmosphere. The process by which water 
leaves the plant is called transfusion. Thus, the greater 
portion of the water entering the roots completes its nutri- 
tional functions of transporting and diffusing nutrients, after 
which it returns to the atmosphere. 

D. Plant-food from the air. Plants, like animals, breathe. 
Through respiration, living plants are constantly giving off 
carbon dioxide, just as are animals. However, with plants, 
this normal respiration is of less importance than a similar 
process called photosynthesis, in which the carbon dioxide of 
the air is utilized for the formation of starch in the green 
parts of the plant. 

The under side of the leaves of plants is covered with small 
openings called stomata. These also occur to a lesser extent on 
the upper side of leaves and on the surface of other green 
tissues. Carbon dioxide of the atmosphere is diffused through 
the stomata. It is dissolved by the water within the plant, and 
is then diffused throughout the cell structure where the carbon 
and oxygen are utilized in the formation of new compounds 
of growth. The oxygen is only partly used, the remainder 
passing back into the atmosphere. 

Even though the carbon dioxide supply of the atmosphere 
is relatively small and is being constantly absorbed by plant 
life and synthesized into organic compounds, the amount re- 
mains more or less constant. This happens because the supply 
constantly is being replenished as organic matter, and is 
broken down as the result of the activity of the microorganisms 
of the soil or of the digestion by animals, or by burning. There 
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appears to be a well-balanced carbon-dioxide cycle between 
the air and the earth itself. 

Chlorophyll absorbs the sun’s rays and stores the energy 
in more or less stable forms to be used as food for all animal 
life. As a source of power and heat it plays an essential role 
in the functioning of all forms of life. It is necessary for the 
production of carbohydrates, and protein compounds, also. 

Carbon and oxygen are important constituents of plants 
and, along with hydrogen, make up about 98 per cent of their 
green weight. 

E. Starch formation. Leaves, and the stems of many 
plants, have a characteristic green color which is due to a 
coloring matter, called chlorophyll, occurring in the plant 
tissues. It is very similar in chemical structure to that of the 
red corpuscles in the blood of animals. Chlorophyll is formed 
only in the presence of sunlight; it has an important function 
in the nutrition of the plant. It is this green coloring matter 
which makes it possible for the plant to take carbon from the 
atmosphere. Chlorophyll enables the plant to absorb energy 
from the sun’s rays and thus 
makes possible certain complex 
chemical changes within the leaves, 
in which the carbon dioxide from 
the air is combined with the water 
from the soil, finally forming starch 
or similar organic compounds. After 
undergoing additional chemical 
change, as a result of which soluble, 
sugary compounds are formed, this 
organic material is diffused to the 
growing parts of the plant. Here it Fie. 41. Composrrion or 
is utilized for the building of new PLants. 
plant tissue with its ever-complex 
chemical make-up. 

In connection with photosynthesis it is interesting to appre- 
ciate its importance, not only to plant life, but to all animal 


Minerals 3% 


The average composition of 
the dry matter in plants. 
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life as well. It is the process by which all energy is supplied 
either directly or indirectly for all forms of life from the 
microscopic bacteria to the largest and most advanced types 
of plants and animals. As the result of photosynthesis, vast 
stores of energy furnished by the sun’s rays have been stored 
as an accumulation of organic material. Today man is 
largely dependent as a source of energy for the many needs 
of modern civilization on the energy supplied by the sun in 
the form of wood, coal, oil, and gas. The only other known 
sources of energy are water and wind. 

Plants store up varying amounts of nutrients in their root 
systems. This plant-food supply is spoken of as root reserve. 
With certain perennial crops, such as alfalfa and the grasses, 
it is important that cutting or grazing be delayed until an 
adequate root reserve has been established to provide nutrients 
to supplement the soil supply for the new top growth. Too 
close grazing of pastures or too frequent cutting of perennial 
hay crops may so lessen the root reserve as to reduce total 
annual yields. 

F. Composition of the plant. The growing plant contains, 
in addition to an average of 75 per cent by weight of water, 
approximately 25 per cent of dry matter, which in turn is made 
up of 44 per cent of carbon, 40 per cent of oxygen, 8 per cent 
of hydrogen, and 8 per cent of nitrogen and the mineral ele- 
ments combined. When plants are burned, only the mineral 
matter remains in the ash. It normally constitutes about 3 
per cent of the weight of the dry matter, or a little less than 
1 per cent of the total weight of the green plant. Figure 41 
shows graphically the average composition of dry matter in 
plants. 

G. Function of nitrogen. Nitrogen is particularly needed 
by plants for vegetative growth. A nitrogen deficiency is sure 
to cause stunted growth of the whole plant structure. The 
nitrogenous compound of plants is known as protein. 

Besides nitrogen, the numerous and extremely complex pro- 
tein compounds of plants contain carbon, hydrogen, and 
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oxygen. They generally contain such mineral elements as 
sulfur and phosphorus and often others, such as calcium and 
iron. The proteins occur in colloidal form, and are capable 
of absorbing water. They make up a much larger proportion 
of the tissue of animals than of plants. Even though the 
chemical composition is entirely too complex for consideration 
here, it is of importance to appreciate that the nitrogen and 
much of the phosphorus of plants occur in the various pro- 
tein compounds. 

The protein is the expensive constituent of feed for live- 
stock. In fact, farmers find that nitrogen is the expensive con- 
stituent in both feeds and fertilizers. Nitrogen influences the 
color of the green chlorophyll. When it is deficient, the leaves 
are a light, sometimes yellowish green; but when there is an 
abundance of nitrogen, vegetation is of a characteristic dark- 
green color. Excessive amounts of nitrogen lengthen the grow- 
ing season of a crop, retarding noticeably the date of ma- 
turity. This may be very undesirable with certain crops in a 
short season. Excess nitrogen also weakens the stalks, and as 
a result serious lodging may occur before the crops are ready 
for harvest. 

H. Phosphorus. Phosphorus occurs largely in the seed of 
plants. When it is deficient, the production of seed or the 
yield of the grain crops is reduced. Phosphorus is a common 
constituent of most of the protein of plants, and has been found 
to stimulate early growth. Its practical effect on crop growth 
is in many respects the opposite of that of nitrogen. It not 
only increases seed production rather than vegetative growth, 
but also hastens maturity and reduces the lodging of farm 
crops. 

I. Potassium. Carbohydrates, including sugars, starch, 
and cellulose, are compounds composed of carbon, hydrogen, 
and oxygen. Potassium, which is a constituent of all plant 
tissue, appears to play an important part in photosynthesis 
and in the formation of carbohydrates. Starchy crops such as 
potatoes require especially large amounts of this element for 
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their normal growth. The sugar content of the sugar beet is 
influenced favorably by a large supply of available potassium, 
or potash. 

J. Calcium, magnesium, and lime. Both calcium and mag- 
nesium have been found to function in connection with the 
nutritive process associated with carbon fixation and the 
formation of tissue-building compounds. They are also known 
to be of value in counteracting or neutralizing acids which are 
a by-product of certain functions of growth. Some plants, 
such as alfalfa and sweet clover, require especially large 
amounts of calcium for their normal development. Magne- 
slum in some unknown way appears to influence the effective- 
ness of phosphorus. Sulfur is a constituent of most protein, 
and iron is an essential for chlorophyll formation. 

K. The minor nutrients. Of the other elements important 
in plant growth, little need be said as to their functions. In 
fact, the exact essential functions of some are not definitely 
known. Silicon appears to be an essential constituent of 
cellulose; sulfur seems essential in the formation of certain 
protein compounds; and iron functions in the formation of 
chlorophyll, as also may aluminum and manganese. Boron, 
copper, and zine are known to be needed in very small amounts, 
but their functions are not definitely understood. 

Certain plant diseases are recognized as nutritional in 
nature, owing most often to deficiency of some one of the 
nutrients. Among these numerous nutritional diseases may be 
mentioned chlorosis, browning and whiptail of cauliflower, 
internal black spot of beets, and cracked stem of celery. 

L. Supplying nutrients. In farming, one must consider 
how best to supply the nutrient needs of the crops. The 
function of the different plant-food elements is not only of 
interest but of vital importance in successful crop production. 
Crop yields are largely dependent on the efficiency with which 
the plant-food requirements of the various crops are met. 
Although the different farm crops secure their plant-food in a 
similar way, they differ widely in the amounts of the different 
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nutrients required for their normal growth, as well as in the 
amount which can be supplied economically by fertilizers. 
Effective systems of fertilization must take into consideration 
not only the requirements for the growth of plants in general, 
but also the particular plant-food needs of each important 
group of agricultural crops, and the economic means of sup- 
plying such deficiencies. 


2. WHAT THE DIFFERENT Crops REQUIRE 


A. Plant-food requirement. Even though plants vary in 
their plant-food requirements, it should not be assumed that 
the fertilizer application can be based on the crop requirement 
alone. The relation of soil composition to fertilizer practices 
has been emphasized, but, as already explained, the results of 
soil chemical analysis are in themselves inadequate as a basis 
for fertilizer recommendations. In the same way, a knowledge 
of the plant-food requirements of the various crops is not a 
sufficient basis upon which to determine the most profitable 
fertilizer treatment to use. Nevertheless, knowledge of crop 
composition is of real value in working out practical systems 
of fertilization for the more important groups of crops.” 

It is of interest in this connection to compare the average 
composition of the crop with the average composition of soils, 


: Phosphoric . 
Nitrogen Acid Potash 
Crop requirement. . 3 1 2 
Soil composition. . 2 1 4 
Farm manure Somecion: 5 3 5 
Fertilizer composition..... 1 2 to 3 1 


farm manure, and complete commercial fertilizers. Such a 
comparison shows the tabulated relative average amounts of 


7See General Information at end of Chapter VII for simplified tests 
for determining crop deficiencies. 
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nitrogen, phosphoric acid, and potash in crops compared with 
that in soil, farm manure and mixed fertilizer of average 
composition. The amount of plant-food contained in the more 
important crops is given in Table VI. 

TABLE VI 


Piant Foop REQUIREMENTS OF AGRICULTURAL CROPS * 


(Pounds per Acre, Harvested Crop) 


é Phos- 
ee phoric | Potash | Line 
Crop Yield i Acid | (Ke0) |(Ca0) (MgO) 
) (P2035) 

Alfalitarnsctvesmencen 4 tons} 185 45 175 150 47.0 
Apples teecny sacra 500 bu. 35 12 44 SOS Neca ete 
Barleysnn escent 50 bu. 60 25 50 10 7.5 
BGAN aarct-aerroscne 30 bu. 100 30 GO) hes satel era 
Buckwheat......... 40 bu. 44 20 35 20 20.0 
Kentucky bluegrass.| 1 ton 24 8 SL. || ss.cherennrlececeeeeeres 
@ab bare rrrerccicer 20 tons] 1385 33 130 67 10.0 
Clover (Red).......| 2% tons| 100 25 85 7 |) 22.0 
Com tener A loybl 115 42 85 21 14.0 
Cottonig ae eaten %ton.| 130 50 100 133 Aes 
Oats reenter 65 bu 60 25 60 16 12.0 
Pease csc eee 25 bu. 90 20 54 18: 1|"oe cares 
IPCan ts errs eer 1 ton 85 15 50 BT eacrne 
Potatoes dee 300 bu. 125 35 160 5 9.0 
RVC set acne cere 35 bu 52 24 40 12 8.0 
Soybeanssseeae sue 25 bu. 125 40 60 60 35.0 
AMA aaoscaasn|| 24 worse! 50 20 60 14 7.0 
Tobaceo.ss sseeece. 13 tons} 105 25 150 65): eenceetn 
Wiheat ancora 85 bu. 60 25 35 8 8.0 


* Plant-food in root growth not included. 


B. Root and tuber crops. The root and tuber crops have 
a rather high potash requirement. Particularly is this true of 
the Irish potato, for which, owing to the high starch content 
of the tubers, potash is needed in relatively large proportion 
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compared to other plant-foods. The composition of the root 
crops does not indicate a particularly high phosphorus require- 
ment, but in general root crops respond to liberal applications 
of phosphatic fertilizers. It is interesting to note that turnips 
have been found to give markedly increased yields when fer- 
tilized with phosphoric acid, whereas carrots show little re- 
sponse to the same treatment. The total nitrogen requirement of 
the root and tuber crops is not great, and care must be exercised 
in their fertilization not to supply excessive amounts of nitro- 
gen. If too much is applied, a large top growth will result at the 
expense of root or tuber development. In potatoes this condi- 
tion is designated as ‘“‘the crop going to tops.” The root and 
tuber crops in general have rather a restricted root system. 
They are not considered especially efficient in utilizing the soil 
supply of plant-food and consequently require liberal fer- 
tilization. 

C. Legumes. The legumes are particularly rich in nitro- 
gen. When they are dependent on the soil for their supply, 
large amounts of available nitrogen are necessary for their 
normal growth. However, when inoculated, they are able to 
draw on the soil air for their nitrogen needs. Inoculation 
material is far less expensive than nitrogenous fertilizer, and 
farmers have found that, if the soil is not supplied with the 
proper bacteria, inoculation for legumes becomes necessary for 
their economic production. Even though legumes have a high 
nitrogen requirement they become, when inoculated, a valu- 
able source of nitrogen for farmed soils. In certain alkali 
soils of the western states, where the soluble nitrogen content 
is excessive, such legumes as alfalfa and sweet clover have 
been employed to reduce the nitrogen supply of the soil. Under 
such conditions, legumes take little or no nitrogen from the 
atmosphere. 

The legume crops have a relatively high mineral plant- 
food requirement. Their growth may be controlled by a de- 
ficiency of phosphoric acid, potash, or lime. In some instances, 
more particularly in the far West, sulfur has been found to be 
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highly beneficial to alfalfa. The deep-rooted legumes have the 
capacity of drawing on the subsoil to a considerable extent for 
these mineral constituents, but, even so, their successful pro- 


Fie. 42. Inocutatep Soypran Pants. (Agronomy Dept., II. Aer. 
Exp. Sta.) 


When inoculated, legumes are able to draw on the soil air for their nitrogen needs, 


duction generally necessitates the use of mineral fertilizers. 
Very often such legumes as clover and alfalfa require lime to 
neutralize the acidity of soils, 
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D. Vegetables. The vegetables, other than the root and 
tuber crops, have a relatively high nitrogen requirement. This 
is particularly true of leafy vegetables such as spinach, let- 
tuce, and celery. Tomatoes and some of the other fruiting 
vegetables require relatively less nitrogen in the fertilizer. 
The garden legumes, such as peas and beans, when inoculated, 
can draw on the air for much of their nitrogen. In the prac- 
tical fertilization of vegetables, it has been found profitable 
often to apply plant-food in amounts well in excess of the crop 
requirements as indicated by their chemical composition. 
Vegetables vary in their need for lime. Cabbage, cauliflower, 
beets, and chard do best on a high-lime soil. Onions and 
leeks are very sensitive to a lime deficiency. Watermelons 
are injured by liming, except when the soil is extremely acid, 
and potato scab is more difficult to control on limed soils. In 
general, however, for the successful production of the vegetable 
crops, on acid soils lime is essential, but care should be taken 
not to overlime. 

E. Cereals and grass crops. The cereals and grass crops 
may well be considered heavy feeders on all three of the fer- 
tilizer constituents. As a group, the cereals are soil-exhaust- 
ing crops. 

The small grains do not deplete soils so rapidly as do tilled 
grain crops, such as corn. Land in small grains is less subject 
to erosion than land in rowed crops. So long as land is kept in 
grass and a good sod maintained, the soil will be conserved 
from the standpoint of fertility and erosion. However, in 
order to maintain a good grass sod, it is necessary on most 
soils to apply plant food as fertilizer or manure, and fre- 
quently to use lime also. 

Both cereal and grass crops require considerable amounts 
of nitrogen. For the development of grain, adequate phos- 
phorus is required. Potash is also used in relatively large 
amounts; and on potash-deficient soils or where the crops are 
sold from the farm, it must be supplied in the fertilizer. The 
removal of cornstalks, straw, and hay from the farm increases 
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the need for potash. In small grain, excess nitrogen will cause 
lodging of the plants. 

The cereal and grass crops do not respond especially well 
to lime. In farm practice, they are benefited most by liming 
when the lime is used for the clover or alfalfa, enabling these 
legumes to utilize more atmospheric nitrogen and increase the 
available nitrogen supply of the soil, which in turn benefits 
the grass and grain crops. Some grasses, like redtop, bent 
grass, carpet grass, and fescue, grow luxuriantly on lime- 
deficient soil. Kentucky bluegrass, on the contrary, requires 
soil high in lime, or at least not extremely acid. 

F. Tree fruits. The tree fruits have deep and extensively 
developed root systems. They are able to utilize the mineral 
plant-food of the soil advantageously. It is only where there 
is a marked shortage or an unusually low availability of phos- 
phoric acid and potash, in both surface soil and subsoil, that 
the trees respond to these minerals. Lime is seldom directly 
beneficial to the tree fruits, and it is known to be injurious to 
the citrus fruits. 

Orchards, in general, have responded best to nitrogenous 
fertilizers. This has been found true for both tree growth 
and fruit production. Their successful fertilization becomes 
largely a question of supplying the nitrogen need in the most 
economical way, which may necessitate using other plant-food 
in the fertilization of orchard cover crops. 

G. Bush and vine fruits. In general, the small fruits are 
less efficient than tree fruits in utilizing the mineral plant- 
foods of the soil. In composition they are not dissimilar to 
the tree fruits. They also respond primarily to nitrogenous 
fertilizer, but have been found to justify the minerals—phos- 
phoric acid and potash—in addition. The production of small 
fruits may be classed as a more intensive system of cropping 
than orcharding, affording the possibility of a greater net re- 
turn to the acre, and will more often justify the use of com- 
plete fertilizer. 
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H. Cotton and tobacco. Cotton has an unusually high ni- 
trogen requirement. The composition of the stalks and leaves 
indicates a nitrogen content similar to that of the legumes. 
With cotton, all this nitrogen must be furnished by the soil. 
While the lint contains relatively little nitrogen, phosphoric 
acid, or potash, it is produced in association with the seed, 


TABLE VII 


CoMPOSITION OF Crop AND ANIMAL Propucts aNnp By-Propucts 
OF THE FARM 


(Average Pounds per Ton) 


Product Nitrogen Baas Potash 
Apple pomace............ 4.1 0.05 3.5 
arleyestraw aceyaeieric tae 11.9 4.0 22.0 
SUE GEM teint, orn erosions tices 2.9 1.0 0.6 
Worn CObSsie Anse ee. 7.8 1.2 9.0 
VOL SLOVED s.. oan ona 14.8 8.0 18.0 
Gottoniseed.c nes see. 62.0 25.0 23.0 
Wottonstalks. ..25 40 ee 49.2 20.5 35.0 
lO e ee eee eee etaeac.erre 44.2 8.0 3.0 
Rs teCAttles scrsescreaneerls¢ 49.2 32.4 2.4 
SIGE Me aee On GooetiCn oe 85.4 13.8 2.4 
Ny HD ep A ne a Ain ae! 9.8 4.0 3.6 
WaLIStha Wariner Comite 11.8 4.0 25.0 
RAVCUSUT'E W,seatek-p<ciaienue avers oy: 9.8 6.0 17.0 
Wheat Straw.<o.« 4.0 cece 9.8 3.0 12.0 


which requires relatively large amounts of both nitrogen and 
phosphoric acid. Many of the soils of the Cotton Belt are 
sandy in character and not abundantly supplied with potash, 
and because of the coarse texture and low organic-matter con- 
tent of the soil, what potash there is does not become available 
rapidly. For these various reasons, the successful production 
of cotton generally requires the use of a complete fertilizer. 
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Tobacco contains an unusually large amount of potash; in 
fact, the stems are themselves used as a potash fertilizer. 
Potash has been found to be a most important constituent of 
tobacco fertilizers. Nitrogen occurs in relatively large 
amounts, but the phosphoric acid content of tobacco is ex- 
ceedingly low. However, in determining the composition of 
the fertilizer to use for tobacco, adjust the amount of nitrogen 
to the type of tobacco grown and to its effect on the quality 
of the crop. The phosphoric-acid content of tobacco fertilizers 
should often be higher than crop composition would indicate 
was needed. 

I. Composition of farm products. In addition to the re- 
quirements of crops as indicated by their composition, it is of 
interest to note the composition of certain crop and animal 
products of the farm. Table VII gives the information on the 
basis of a ton of material. These figures will be found of value 
in making calculations relative to the gain or loss of plant- 
food through different cropping and farming systems. 


COMMUNITY STUDIES 


1. Visit one or more of the better farms of the community where 
good crop yields are being secured. 

2. Secure information as to the rotation or rotations followed, quality 
of seed used, and means employed for the control of plant diseases and 
insect pests; also the tillage, lime, manure, and fertilizer practices 
followed. 

3. Determine, as far as possible, the reasons for the good crop yields. 

4. List any special field crops other than those grown regularly in 
rotations. How are these special crops fertilized? 


PROBLEMS 


1. Estimate the average annual yield of each of the common field 
crops of the community. Calculate the nitrogen, phosphoric acid, and 
potash required to the acre by each of these crops. (Refer to Table VI.) 

2. Calculate the number of pounds of water that would be required 
for a 4-ton yield of alfalfa hay containing 10 per cent water. (Refer 
to Table V.) 
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3. A farmer sells annually the following livestock and produce: 
Thirty 1000-pound steers; eighty 200-pound hogs; 4 tons of eggs; 4000 
pounds of butter; and a thousand 100-pound cans of milk. Calculate 
the pounds of nitrogen, phosphoric acid, and potash he sells from the 
farm annually. (Refer to Table VII.) 

4. The surface soil from a Pennsylvania limestone valley would sup- 
ply phosphoric acid for how many 75-bushel corn crops? Potash for 
how many such crops? 


REFERENCES 
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EXPERIMENT STATION PUBLICATIONS 
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CHAPTER III 
CONTROLLING THE WATER SUPPLY OF THE SOIL 


Crop yields are dependent on an adequate water supply. 
In dry seasons, the controlling factor of yields may be an 
insufficient amount of water; in wet seasons, where soils are 
inadequately drained, an excess of water may cause serious 
injury to crops. Soils themselves are frequently injured 
during periods of 
heavy rainfall by 
surface washing or 
erosion. Irrespective 
of climatic condi- 
tions, the successful 
production of crops 
necessitates a cer- 
tain degree of con- 
trol of the water 


supply of the soil.t 
Fie. 43. Corn InJuRED BY INADEQUATE DRaIn- In humid  sec- 


AcE. (Agronomy Dept., N. Y. State Col. of Agr.) Honeaenth 
, with an an- 


In wet seasons, where soils are inadequately drained, 1 . 
an excess of water may cause serious injury to crops. nua rainfall of 30 


inches or more, and 
a satisfactory proportion of it during the growing season, 
yields are not primarily dependent on the water supply. 
Where soils have a poor water-holding capacity, and espe- 
cially where the transpiration and evaporation are high, addi- 
tional water will be needed. Of relatively greater importance 
in humid sections are the draining of wet soils and the control 


1See General Information at end of chapter for explanation of func- 
tions of different forms of soil water; also see page 31. 
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of erosion where soils are subject to washing. However, in 
the semi-arid regions of the West, it is necessary to conserve 
the water supply and to utilize it economically by means of 
a special system of soil and crop management called dry-land 
farming. In the arid sections, water must be applied arti- 
ficially by means of irrigation. 


Operations: 


. Determining the feasibility of drainage. 
. Laying out the drainage system. 

. Digging the ditch to grade. 

. Installing the tile. 

. Caring for the drainage system. 

. Irrigating land. 

. Practicing dry-land farming. 

. Controlling soil erosion. 


CON OOP OD 


1. DETERMINING THE FEASIBILITY OF DRAINAGE 


Some undrained soils are of such a nature that even if 
drained they would have little agricultural value. Others are 
so situated that an adequate fall cannot be secured, and not 
infrequently the cost of installing an adequate drainage system 
is prohibitive. Obviously, then, before draining land one 
should determine the practicability of the operation.” 


Procedure: 


A. Examine the soil. 
B. Make certain of an adequate fall. 
C. Estimate the cost. 


A. Examine the soil. A thorough inspection of the soil 
should be made first. Determine the character and depth of 
the surface soil and subsoil, making certain that with drainage 
the land is suited to crop production. Examine the subsoil 
from the standpoint of its fitness not only for crop production 


2 See General Information at end of chapter for benefits of drainage. 
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but also for drainage. An impervious layer in the subsoil within 
3 feet of the surface makes artificial drainage more difficult and 
less effective.? Where a sizable area is under consideration and 
there is some doubt as to the agricultural value of the land 
when drained, secure the services of a soil expert. Be very 
sure that the soil is worth draining before proceeding. 

B. Make certain of an adequate fall. A drainage system 
must have a sufficient fall. Seeps along hillsides and low, wet 


Fic. 44. D5TERMINING THE FRAsSIBILITY OF DRAINAGE. (Agronomy 
Dept., N. Y. State Col. of Agr.) 


Where the land is level without natural drainage ways, it is necessary to make 
certain of an adequate outlet and of the possibility of securing a sufficient fall between 
all parts of the area and the outlet, 


areas along inadequately formed drainage ways will normally 
offer sufficient fall and a satisfactory outlet for artificial 
drainage. However, where the land is level without natural 
drainage ways, it is necessary to make certain of an adequate 
outlet and of the possibility of securing a sufficient fall be- 
tween all parts of the area and the outlet. This may neces- 
sitate the use of a land level. With this instrument, determine 


3 See page 29 for discussion of surface soil and subsoil. 


DETERMINING THE FEASIBILITY OF DRAINAGE 107 


the elevation of the lower spots in the area to be drained in 
their relation to that of the outlet Measure the distance 
between the outlet and these low areas, and calculate the 
available fall. It is desirable to have a fall of 3 inches to 
100 feet, though 2 inches or even less will suffice for laterals. 
To provide the desired 3-inch fall, the elevation of an area 
located 1000 feet from the outlet should be 30 inches greater 
than that of the ground level at the outlet. In an emergency, 
10 inches to a foot of this fall may be secured by adjusting 
the depth of tile. Unless certain of an adequate fall, secure 
the services of a drainage engineer. 

C. Estimate the cost. Before proceeding with a drainage 
project, make a rough estimate of the cost. An accurate cal- 
culation of the total outlay cannot be made until the plan is 
fully worked out in its various details, but a rough estimate 
can be made on the basis of local cost of labor and tile. Here, 
again, the judgment of a drainage expert will be of value. 
Good soil wil! justify almost any reasonable expenditure 
for drainage. This is particularly true where the poorly 
drained areas interfere with the economic management of 
fields that are otherwise well drained, and where the soil is to 
be used for the production of vegetables or other high-value 
crops. 

Briefly stated, the conditions justifying artificial drainage 
are as follows: 

(1) Land, otherwise good, that has a low agricultural 
value because of inadequate drainage. 

(2) Soil that is so wet and cold in the spring that seed-bed 
preparation is hindered and seeding seriously delayed. 

(3) Soil that does not dry quickly enough after rains to 
permit adequate cultivation of the growing crop. 

(4) Crop injury due to excess water in wet seasons, or to 
drought in the late summer or early fall, as a result of a 


4¥For directions for leveling, see Chapter VI of “Farm Engineering,” 
Vol. I, by B. B. Robb and F. G. Behrends, published by John Wiley & 


Sons. 
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shallow root system caused by poor drainage earlier in the 
season. 

(5) Small wet areas in a field that is otherwise well 
drained. 


2. Lavina Out THE DRAINAGE SYSTEM 


In the Corn Belt many farms have complete drainage sys- 
tems installed. On the uplands in the eastern and southern 
states, artificial drainage has been confined largely to wet spots 
in fields or to relatively small areas of the farm. The utiliza- 
tion of bottomlands and old lake beds, including muck and 
peat deposits, irrespective of location, has often necessitated 
the installation of complete drainage systems. The type as 
well as the extent of the drainage system will depend on the 
local conditions. 


Procedure: 


A. Plan the whole system. 

B. Locate the outlet. 

C. Determine the fall. 

D. Decide on the type of drainage system. 

E. Locate the position of mains and laterals. 

F. Determine the size and quantity of tile needed. 


A. Plan the whole system. Before starting actual drain- 
age operations, work out a plan for the whole farm, at least for 
a part having a single drainage outlet. Unfortunately, farmers 
frequently install small drainage units which cannot be fitted 
into the complete drainage system which they may ultimately 
find desirable. Plan the whole system even though only a 
small unit is to be established in the beginning. After a defi- 
nite plan has once been developed, it can be executed in small 
units, as the time, capital, and other facilities justify. 

In the planning of the drainage system, secure advice from 
your college of agriculture, either directly or through the local 
county agricultural agent. In addition to determining the 
feasibility of drainage, the extension specialist in drainage can 
give valuable suggestions, and possibly render personal as- 
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sistance in planning the details of a drainage system for the 
individual farm. ; 

B. Locate the outlet. In the development of the plan, the 
first point to decide is the location of the outlet or outlets of 


Fig. 45. A Farm DRAINAGE SysTEM. 


Before starting actual drainage operations, work out a plan for the whole farm. 


the system. This, of course, has been tentatively determined 
in the original survey conducted to make certain of an ade- 
quate fall, but even so, it should now be done more carefully 
since it constitutes a most important part of the drainage 
plan. The outlet should normally be located at the lowest 
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surface level along the stream or ditch into which the drainage 
water is to be discharged. The position finally chosen should 
lend itself to adequate protection where a tile system is to be 
installed. Locate it above the normal water level in the ditch 
or stream, for otherwise water will back up into the drains, 
permitting silt to accumulate and clog them. At times of 
freshets, water may possibly back up into the drains without 
causing permanent injury. 

C. Determine the fall. The fall from the various areas 
requiring drainage to the outlet must now be determined more 
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Fig. 46. Tyres or Tite DRAINAGE SYSTEMS. 


There are three types of drainage systems: (1) natural, (2) herringbone, and 
(3) gridiron. 


accurately. This will normally require the use of a land level. 
Except where the drainage operation requires only the sim- 
plest kind of plan, prepare a contour map of the area which is 
to be drained. Such a map indicates by so-called contour lines 
the topography or the variation in the surface elevation of 
the area. With it, the amount of fall available between any 
two points can readily be calculated. 

D. Decide on the type of drainage system. With the avail- 
able outlets located and definite information secured relative 
to the fall between the outlets and the areas to be drained, 
the type of drainage system best suited to the conditions can 
be determined. 
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There are three main types of tile systems: (1) natural, 
(2) herringbone, and (3) gridiron (see Fig. 46). The natural 
type is best suited to the draining of flat areas at the head- 
waters of streams. It is the type commonly used for draining 
hillside seeps and small wet spots in rolling fields. The grid- 
iron and herringbone types are best suited to relatively level 
land where drainage is needed uniformly over a considerable 
area. All three types consist of a main and numerous laterals. 
It may be found desirable to utilize two types, or even all 
three, in draining a single farm. 

Tile, under most conditions, has been found superior both 
in efficiency and permanency to other types of drains, but 
there are at least four conditions under which open ditches 
should be used: 

(1) In draining muck and peat, where the soil may settle 
to such an extent as to destroy the true grade of the tile system, 
thus rendering it inoperative. 

(2) Where the volume of water is large, either perma- 
nently or for short periods during heavy rainfall. 

(3) Where land is so near water level ae tile cannot be 
installed below the frost line. 

(4) Where the soil is of low value, or the area is to be 
used for a low-value sod crop such as hay or pasture, and 
only moderate improvement in drainage is necessary. 

Although stone and log drains have been installed to some 
extent, they are inferior to tile and cannot be recommended as 
either permanent or efficient. 

Choose the type of drainage system best suited to the 
conditions on the individual farm. If tile drainage is to be 
installed, select the system or systems best adapted to the 
field that is to be drained. 

E. Locate the position of mains and laterals. In locating 
the main, start at the outlet and work back conforming as far 
as possible to the natural topography, and at the same time 
maintaining a generally straight course. Any necessary turns 
in the main tile should be in the form of broad curves. Avoid 
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sharp turns. The laterals should enter the main at an acute 
angle, with the flow in the same direction as that in the main. 
The distance between laterals will depend on the character of 
the soil, and the depth to which the tile is to be laid. The 
deeper the tile is placed in the ground the wider will be the 
strip drained. This is illustrated in Fig. 47. Ina clay soil 
with tile 24 to 30 inches deep, the laterals should not be over 


Surface Scil 


Surface Soil 


Fie. 47. ReELatTion oF Depry To DISTANCE BETWEEN TILE. 


The deeper the tile is placed in the ground the wider will be the strip drained. 


382 feet and preferably 24 to 28 feet apart.’ In friable loams 
with the tile installed to a depth of 30 to 40 inches, 40 to 60 
feet should be allowed between laterals; in light, sandy loams 
with tile 40 to 48 inches deep, this distance may be increased 
to 80 or even 100 feet. 

F, Determine the size and quantity of tile needed. Round 
tile are now used almost exclusively. The main should be of 
adequate size to handle the water efficiently from all laterals 
of the completed systems when they are delivering their 


5 See Chapter I for soil classification. 
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maximum flow. This will depend primarily on the size of 
the area drained, the amount of rainfall, and the grade of 


the main. It will 
be influenced also 
by the character of 
the soil, the dis- 
tribution of the 
rainfall, and the 
crop on the land. 
With a 4- to 5-inch 
fall and an annual 
precipitation of 36 
inches, a _ 6-inch 
main would handle 
the water from 20 
to 30 acres; an 8- 


Fia. 48. Rounp TILe. 


Round tile are now used almost exclusively. 


inch would suffice for an area of 40 acres; and a 10-inch, 
for 60 acres. The size of tile refers to the inside diameter 


Fig. 49. A Trn-Incn Mairn. 


The main should be of adequate size to handle efficiently the water from all laterals 
of the completed system when they are delivering their maximum flow. 


in inches. Select the proper size for the main on this basis, 
and use either 3- or 4-inch tile for the laterals. Seldom will 
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a 5-inch be required, and anything smaller than a 3-inch tile 
is impractical. 

Drainage tile is commonly made in standard 12-inch 
lengths. With the plan of the tile system completed, including 
the size of tile to be used in mains and laterals, the number 
of tile of each size needed can readily be calculated. A few 
extra tile should be ordered, to allow for breakage and to 
permit the discarding of any that are imperfect or of poor 
quality. One may purchase junction tile of the diameter of 
the main with connections of proper size for standard 3- and 
4-inch laterals. It is advisable to include the necessary 
V-shaped junction sections in the tile order, even though, with 
care, tile can be chipped so as to make a satisfactory connec- 
tion between the main and the laterals. 


3. DicciInc THE DiTcH TO GRADE 


Before starting to dig the ditch, the grade should be care- 
fully worked out and the required depth of ditch calculated 
for various points along the drainage course. 


Procedure: 


A. Determine the depth of ditch. 
B. Dig the ditch. 
C. Scrape to uniform grade. 


A. Determine the depth of ditch. The depth to which the 
tile should be laid for greatest efficiency will vary with condi- 
tions. Water enters the tile largely from the bottom. It is 
when the water table rises to the height of the tile that the 
gravitational, or free, water enters through the joints between 
the tile. For most crops it is desirable to have the water 
table at least 30 inches below the surface. Install the tile to 
an average depth of between 30 and 386 inches. Have the 
tile at least 24 inches deep even at the upper end, and not 
more than 4 feet at the outlet. 
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Having determined the available fall for the drainage 
system and the depth of the tile at the outlet, proceed as fol- 
lows to determine the depth of ditch at other points. Starting 
at the outlet, drive a stake firmly into the ground about 2 feet 
to the side of the center line of the ditch. This stake should 
be driven so that the top is within an inch of the ground level. 
This is called a hub stake. 
In order that it may be 
readily located, drive an- 
other stake lightly into the 
ground nearby. This sec- 
ond stake is called a witness 
stake. Working back from 
the outlet, drive additional 
hub and witness stakes at 
regular intervals, prefer- 
ably of 50 feet, though some 
use 100 feet, along the side 
of the proposed ditch line 
for mains and laterals. 

By the use of the land 
level, determine the rela- 
tive elevation of the vari- 
ous hub stakes. With this 
information in addition to 
the known available fall for 
the whole drainage sys- 
tem, the necessary depth 
of ditch at each hub stake can be figured out in the following 
manner. 

First add the depth of the outlet to the level reading of 
the hub stake at the outlet. Then subtract from this figure 
the amount of fall to the hundred feet,® and from the result 
obtained subtract the level reading at the first hub stake 


Fig. 50. Diaeine tHE Ditcu By 
Hanp. 


Hand digging has been found practical 
for small to moderately sized areas. 


6 See General Information at end of chapter for illustration of method 
of calculating depth of ditch. 
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above the outlet. This gives the depth to which the ditch 
must be dug at this hub stake. To calculate the depth of 
the ditch at successive hub stakes, proceed as before, multi- 
plying the amount of fall to the hundred feet by the num- 
ber of 100 feet at which the hub stake is located above the 
outlet. When calculated mark on each witness stake the depth 
to which the ditch is to be dug at each corresponding hub 
stake. If hub stakes are 50 feet apart use one-half the fall 
for 100 feet in making calculations. 


Fig. 51. Powrr Ditrcuer at Work. 


The power ditcher, if available, can be utilized advantageously in excavating for 
extensive drainage systems. 


B. Dig the ditch. In digging the ditch, start at the out- 
let. Use a drainage spade. In stony or gravelly soil a pickax 
can be used to advantage. The ditch should be from 12 to 15 
inches wide, depending on the depth; the deeper the ditch the 
wider it should be. Because of the larger-sized tile as well as 
the greater average depth, dig the main ditch somewhat wider 
than the laterals. Maintain as far as possible a uniform 
width from top to bottom, and throw the excavated soil far 
enough to one side to prevent it from working back into the 
ditch. 


DIGGING THE DITCH TO GRADE iD 


Hand digging has been found practical for small to mod- 
erate-sized areas. The power ditcher, if available, can be 
utilized advantageously in excavating for extensive drainage 
systems. 

In digging the ditch, exercise care not to dig below the 
final grade level. Check on the depth at each hub stake as 
recorded on the witness 
stake, and estimate from 
the surface topography the 
approximate depth between 
stakes. Use care not to dig 
deeper than the finished 
ditch bottom. If the ditch 
is dug below final grade 
level, it will be necessary 
to fill in and tamp the soil 
down firmly before the tile 
can be laid. 

C. Scrape to uniform 
grade. After the ditch is 
dug, the bottom must be 
worked down to the re- 
quired grade. This can be 
done accurately by repro- 
ducing the grade, with a 
heavy cord stretched taut 
5 feet above the final ditch 
bottom. A supply of 2- by 
83-inch stakes about 4 feet Fic. 52. Preparine THE DitcH 
long, and half as many 1- Borrom. 
by 83-inch wood strips, also SNe Nga can be es nes 
4 feet long, will be needed a oreaeri iy eal pooner we cae 
for this purpose. 

Starting at the outlet, drive a stake alongside the hub 
stake, being careful not to disturb the level of the latter. 
Drive another stake across the ditch at a distance of about 
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3% feet. Subtract from 5 feet the depth of the ditch as indi- 
cated by the figure on the witness stake. The result is the 
height the string should be above the hub stake. From the 
top of the hub stake, measure this distance on the adjoining 
stake and mark with pencil. Now fit one end of a wooden 
strip to the stake so that the top will be flush with the pencil 
mark. Nail in position. Level the strip and nail the other 
end securely to the stake on the opposite side of the ditch. In 


Fic. 538. CHeckine THE DeEprH or THE DitcnH. 


By means of a 5-foot gauge stick, check the ditch bottom with the grade string 
above. 


the same way erect cross strips over the ditch at exactly 5 
feet above grade bottom at each hub stake. Starting at the 
outlet, stretch a string over the cross pieces for a distance of 
at least several hundred feet. Have this string taut. The 
string can be changed as the ditch bottom is finished. 
Starting again at the outlet, prepare the bottom of the 
ditch for the tile. Work it down to exact grade level. A 
drainage scoop can be used advantageously for this purpose. 
It produces a groove into which the tile fits nicely. By means 
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of a 5-foot gauge stick, check the ditch bottom with the grade 
string above, keeping the string taut so that it will not sag 
between supports. 


4. INSTALLING THE TILE 


As the ditch bottom is completed, haul the tile to the field 
and distribute along the line of the ditch. This completes the 
necessary preparation for 
the installation of the tile. 


Procedure: 


A. Lay the tile. 
B. Fill the ditch. 
C. Protect the outlet. 


A. Lay the tile. Put 
the tile in place either by 
hand from within the ditch 
or with the aid of a tile 
hook from without. Start 
at the lower or outlet end. 
Adjust each piece so that it 
fits snugly into the adjoin- 
ing piece. The individual 


pieces vary in shape so that 
by turning, and where Fic. 54. Tire DisrrisuTep atone 
THE Ditcu. 


necessary reversing end for 
As the bottom is completed, haul the tile 


end, a tight joint can be ieee 
x to the field, and distribute along the line of 
secured. At best there wil! the ditch. 


be a sufficient opening for 

the water to enter, and unless care is exercised in the laying, the 
joints may be so open that silt will enter and clog the tile. 
Adjust the tile so that any opening of more than 1% inch comes 
at the bottom. If a satisfactory adjustment cannot be made, 
cover the opening with a curved piece of tile. In laying around 
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curves, select tile that have somewhat beveled edges, or are 
slightly curved. By picking the tile in this way, satisfactory 
joints can generally be secured. Where sharp curves have 
not been avoided, it may become necessary to chip the edges 


Fig. 55. Layine tHE TILe. Fig. 56. Birnpine THE TILeE. 


Put the tile in place either by hand from As the tile is laid, an inch or two of sur- 
within the ditch or with the aid of a tile face soil should be thrown into the ditch 
hook from without. Adjust each piece so to hold it in place. This operation is called 
that it fits snugly into the adjoining piece. blinding the tile. 


to secure a snug fit. Place a board, flat stone, or a little 
concrete over the opening at the upper end of each line of 
tile so that soil cannot wash in and burrowing animals can- 
not enter. 

Any defective tile should be discarded. They can be 
broken and the pieces used to cover open joints. A tile system 
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may become inoperative as a result of the breaking of a single 
soft tile. The permanency, as well as the efficiency of opera- 
tion, is dependent in no small degree on the exactness with 
which the tile is laid. 

B. Fill the ditch. As the tile is laid, an inch or two of 
surface soil should be thrown into the ditch to hold it in place. 
This operation is 
called blinding the 
tile. Care should 
be taken not to dis- 
turb the position of 
the tile as the soil 
is distributed about 
it. If the tile is 
blinded daily as 
laid, it will be pro- 
tected so that even 
a heavy rain will 
not disturb it. It Fie. 57. Finume tue Ditcu. (Agronomy 
is especially desir- Dept., N. Y. State Col. of Agr.) 


able to use surface Complete the filling of the ditch when convenient. 
soil for blinding if Often a plow or a scraper can be used to advantage 


in replacing the excavated soil. 
the subsoil is of a 
heavy clay character, as the more porous surface material will 
facilitate the entrance of the water into the tile and thereby 
increase its efficiency. 

Complete the filling of the ditch when convenient. Often 
a plow or a scraper can be used to advantage in replacing the 
excavated soil. At least part of it will have to be shoveled 
back by hand. When possible, fill the ditch promptly before 
the excavated soil becomes compact. 

C. Protect the outlet. The outlet should now be perma- 
nently constructed. Protect it against possible displacement 
of the end tile by erosion or by the tramping of farm animals. 
This protection can be furnished by the proper use of stones 
where they are available. Concrete often can be employed to 
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advantage. Judgment must be used in determining the type 
of construction. It is well to protect the end of the last tile 
with vertical iron bars placed about 2 inches apart. This also 
prevents the entrance of animals.’ 


Fie. 58. A Wewt-Prorectep OutLeT. (Agronomy Dept., N. Y. State 
Col. of Agr.) 


Protect the outlet against possible displacement of the end tile by erosion or the 
tramping of farm animals, 


5. CARING FOR THE DRAINAGE SYSTEM. 


Although a properly constructed drainage system should 
be permanent in character, some attention must be given to 
inspection and repair to keep it functioning effectively. 


7 For more detailed information on installing tile drainage systems see 
“Warm Engineering,’ by Robb and Behrends, published by John Wiley 
& Sons. 
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Procedure: 


A. Inspect regularly. 

B. Clean open ditches. 

C. Repair breaks or stoppages in tile. 
D. Keep the outlet in good repair. 


A. Inspect regularly. Any type of drainage should re- 
ceive regular inspection. Watch open ditches and determine 
when they need cleaning. Check on the flow from the tile 
system, making certain that it is functioning properly. Watch 
for the development of wet spots along the line of tile because 
they indicate stoppage in the system and the need of im- 
mediate repair. 

B. Clean open ditches. Open ditches will need occasional 
cleaning. Do this work in the late summer or early fall, or in 
the southern states, during the winter months. In addition 
to keeping the ditches themselves clean, cut the weeds and 
brush from the edges. 

C. Repair breaks or stoppages in tile. Repair promptly 
any stoppages which develop in a tile system. Breaks can 
generally be located by the development of a wet spot over the 
line of tile. Where such develop, dig out the ditch and replace 
any broken tile. Remove and clean any tile in the vicinity of 
the stoppage that have become partly filled. Where the clog- 
ging has been caused by a broken tile, the new tile can be 
relaid on the original grade. In this event care should be 
taken in removing clogged tile not to disturb the level of 
the ditch bottom. Where stoppage is caused by a sag in the 
line of tile, it will be necessary to fill in the ditch to correct 
grade before replacing the tile removed. 

D. Keep the outlet in good repair. Where the outlet is 
well constructed, it should need little attention. Nevertheless, 
it should be inspected occasionally to make certain that it is 
not in need of repair or cleaning. Where repair is needed, 
attend to it promptly as a neglected outlet may render the 
whole system inoperative. 
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6. IrrigATING LAND 


Irrigation is practiced most extensively in sections having 
an annual rainfall of less than 15 inches. (See Fig. 66.) Such 
areas of extremely low rainfall are confined largely to the 
western third of the United States. Irrigation is also practiced 
in certain of the southern states in connection with rice pro- 
duction. In some sections having a relatively high annual 
rainfall, there are seasonal periods of very dry weather. In 
Florida, for example, the winter months are dry, while in the 


Tic. 59. OvERHEAD SPRINKLER SYSTEM OF IRRIGATION. 


In the eastern states, overhead artificial watering systems, a type of irrigation, 
are used to some extent in intensive vegetable production. 


Pacific northwest the summers are dry. Irrigation is prac- 
ticed to some extent in both sections during the dry periods. 

Overhead watering systems, a type of irrigation, are used 
in various sections to some extent in intensive vegetable pro- 
duction. However, the large irrigation projects of the country 
are found in the arid and semi-arid sections which are con- 
fined to the western and southwestern states. 


Procedure: 


A. Make certain of a satisfactory water supply. 
B. Prepare the field to receive the water. 
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C. Apply the water. 
D. Cultivate when the surface dries. 
E. Prevent alkali injury. 


A. Make certain of a satisfactory water supply. A de- 
pendable water supply is essential for successful irrigation 
farming. In some instances well water is used for irrigation, 
but in the arid sections, impounded surface water is used. 


Fic. 60. Irrigation Dam AND RESERVOIR. 


The development of the larger irrigation projects has entailed enormous expenditures 
for the construction of dams and reservoirs for the collection and storage of water. 


The source of supply is often a great distance from the area 
irrigated. 

Not only should water be available at all seasons, but it 
also should be secured at a reasonable price. Frequently the 
stream water in arid sections carries a sufficient amount of un- 
desirable salts to cause crop injury when applied to fields. 
Consequently the quality of the water is also of importance. 

The development of the larger irrigation projects has en- 
tailed enormous expenditures for the construction of dams and 
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reservoirs for the collection and storage of water, as well as 
for the canals and ditches necessary for its transportation to 
the area irrigated. The federal government has financed 
many of these irrigation projects. The quantity and quality 
of the water supply, as well as the agricultural value of the 
land to be irrigated, are, or should be, ascertained before the 
project is started. Even though precaution is used by those 
interested in the development of the irrigation project, care 
must be exercised in the purchase of irrigated land to make 


Fig. 61. Irriaation Ditcs. 


The water is conducted from the main irrigation ditch to the various fields of the 
farm by means of smaller open ditches. 


certain that the soil is of good quality, that alkali can be 
controlled, and that there is an adequate supply of good water 
available at a reasonable cost. 

B. Prepare the field to receive the water. The water is 
conducted from the main irrigation ditch to the various fields 
of the farm by means of smaller open ditches. These should 
have a uniform fall and be maintained in good condition. The 
water is distributed over the field by one of two methods. 
For alfalfa, small grain, and other crops that fully occupy the 
ground, the field is covered uniformly with several inches of 
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water. This method of irrigation is called flooding. For field 
crops grown in rows and for orchards, the water is commonly 
distributed in furrows or ditches. This method is known as 
furrow irrigation. 

There are several types of “flooding.” It is seldom that the 
field as a whole is level enough to permit of its being flooded 
as a unit. The border method consists in dividing the field 
into strips separated by low ridges. These strips follow the 
topography, and provision is made to supply water at the 
upper end so that it will 
run down more or less uni- 
formly, covering the sur- 
face of the whole strip. 
The check method consists 
in separating the field into 
smaller square or rectan- 
gular areas by the construc- 
tion of ridges or low dikes. 
When this method is used 
in orchards, it may be re- 
ferred to as the basin type 
of irrigation. For alfalfa, small grain, and other crops 

Where the floodin g which fully occupy the ground, the field is 
method, or a modification os uniformly with several inches of 
of it, is to be used, level 
the field properly so that the water will cover all parts to a 
uniform depth. Around each area construct low ridges of 
sufficient height to prevent the passage of water from one 
area to another. After a field has once been prepared properly, 
it requires very little attention to keep it in condition for 
future flooding. 

In preparing the land for furrow irrigation, use a plow for 
opening up the furrows. Unless a good clean furrow is pro- 
duced, use a spade or shovel to finish it. Locate the furrows 
so that they will be absolutely level, or will have a very grad- 
ual but uniform fall from the irrigation ditch to the opposite 


Fig. 62. FiLooping ALFALFA FIELp. 
(Agronomy Dept., Ill. Agr. Exp. Sta.) 
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end. The distance between furrows should vary with the 
character of soil and the kind of crop grown, but it should 
normally be from 6 to 10 feet. 

C. Apply the water. The time and frequency of applying 
the water, as well as the amount to apply at a time, depend on 
such factors as the character of the soil, kind of crop, rainfall, 
and supply of water available. 


Fie. 68. Furrow Irrigation. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


For field crops grown in rows and for orchards, the water is commonly distributed 
in furrows or ditches. 


Under most conditions enough water should be applied at 
a time to satisfy the water-holding capacity of the soil to a 
depth of several feet. Where alkali control is a factor, some 
excess water may be justified provided there is satisfactory 
underdrainage, in order that the soluble-salt content of the 
upper soil may be maintained at a point low enough to pre- 
vent crop injury. In general, one can figure on an annual re- 
quirement of 1 or 2 feet of water. 

In irrigating most annual crops, apply water at least twice 
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during the growing season. Wheat and other small grains 
often require three to five applications of water for best re- 
sults, whereas alfalfa normally receives three and sometimes 
four waterings a season. Potatoes and some other vegetable 
crops respond well to light applications of about an inch of 
water once every week or 10 days. The frequency of apply- 
ing water, as well as the amount to apply in irrigating fruit, 
varies greatly, though the time of applying the water is often 
determined by the rate of growth of the fruit itself. In fact, 
conditions and established practices vary so much in different 
sections and with different crops, that it is advisable for one 
taking up irrigation farming to familiarize himself with the 
established methods developed for the individual crops in the 
section in which he locates. 

D. Cultivate when the surface dries. Where feasible cul- 
tivate just as soon after irrigation as the surface soil dries suf- 
ficiently. This will reduce evaporation and lessen the loss of 
the water absorbed by the soil. Weeds, which may have 
started as a result of irrigation, will be killed while still small. 
At this time, while the soil has an optimum moisture content, 
more effective cultivation can be done. Unless this is done 
promptly, evaporation of water may result in a sufficient con- 
centration of alkali salts on or near the surface to injure the 
crops. Prompt stirring of the soil after each application of 
water is essential and should be given unless a non-tillable 
crop is on the field. 

E. Prevent alkali injury. The alkali problem is confined 
largely to regions having an annual rainfall of less than 10 
inches. When soils of dry sections are irrigated, the alkali 
problem is frequently intensified, for it has often been found 
difficult to prevent the increase of alkali salts in the surface 
soil or to reduce the concentration once it has taken place.® 

The only practical means of reducing the alkali is to leach 
it out of the soil. To accomplish this, there must be adequate 

8 See General Information at end of chapter for discussion of kinds of 
alkali and crop injury from alkali. 
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natural underdrainage or else an artificial underdrainage sys- 
tem must be established. Unfortunately, many of the more 
serious alkali deposits occur where there is inadequate under- 
drainage. In fact, alkali forms as the result of low rainfall 
combined with poor drainage. Where soils naturally contain 
a salt-concentration toxic to plants, it is doubtful if one is 
justified in attempting to use them for the production of agri- 
cultural crops. Solving the alkali problem consists, first, of 
preventing the accumulation of injurious amounts of alkali 
salts in land that is being farmed; and, second, of removing 
any accumulation 
which may develop 
from time to time 
in such land. 

The control of 
alkali, then,  re- 
solves itself largely 
into the problem of 
leaching out solu- 
ble salts. In ad- 


Fic. 64. Axuxari Ingury. dition, care must 


The alkali problem is confined largely to regions hav- be taken IN IWTiga- 
ing an annual rainfall of less than 10 inches. tion not to use 


water which carries 
salt in solution in excess of that which may easily be removed 
by leaching. Unfortunately, difficulty is frequently encountered 
in removing salt from soils even where there is good under- 
drainage and sufficient irrigation water available. 

Sodium chloride constitutes the most common alkali salt, 
called white alkali. It is not so toxic as the so-called black 
alkali. Even though sodium chloride is readily leached its 
removal may result in the formation of some black alkali. 
Also, its removal will often result in the development of un- 
desirable physical conditions in the soil which reduce, or even 
prevent, the downward movement of additional water. The 
soil becomes puddled and difficult to till. If the irrigation 
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water contains gypsum, or calcium in other forms, the injury 
is largely prevented. 

Black alkali is more toxic and more difficult to remove than 
white alkali. Where black alkali occurs, white alkali gen- 
erally is present also. If such a condition exists, or if white 
alkali occurs in heavy clay soils, first leach the soil thoroughly 
to remove as much as possible of the white alkali. Then, when 
it has dried to below plow depth, apply gypsum or sulfur in 
amounts required to counteract the sodium carbonate. To 
determine the rate of application, it will be necessary to have 
the sodium-carbonate content ascertained by analysis. Disk 
the gypsum or sulfur into the soil and continue the leachings 
until the alkali has been reduced to the point of safety. After 
the removal by leaching, manure, if available at a reasonable 
price, should be applied. 

Although alkali may be leached from soils with irrigation 
water if there is good underdrainage, the irrigating of land 
often results in an increase of alkali. This occurs as the result 
either of the irrigation water carrying excess soluble salts or of 
the upward movement of salts from the subsoil to the surface 
soil. This upward movement may occur where there is a 
higher salt content in the subsoil than in the surface soil, and 
where there is inadequate underdrainage. 

Since alkali spots frequently develop because of leaky irri- 
gation canals, it is important that canals be so constructed 
that seepage cannot take place. Much can be accomplished 
in alkali control by proper soil tillage. The object should be 
to prevent the concentration of salt in the root zone of the 
crops. To accomplish this, surface evaporation should be kept 
at a minimum. This requires the maintenance of a soil mulch 
by frequent tillage. In fact, efficient tillage practices to keep 
the salts dispersed throughout the soil and to prevent the up- 
ward movement of salts from the lower portion of the subsoil 
are important, even when used in addition to other methods of 
control. 

Some crops are more tolerant to alkali than others. Al- 
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falfa, the sorghums, and sugar beets have been found suited to 
alkali soils. Of the small grains, barley and oats have been 
found preferable to wheat. Cotton, citrus fruits, and grapes— 
all are fairly tolerant to alkali. In farming land subject to 
alkali injury, grow crops which have been found most tolerant 
to concentrations of soluble salts. 


7. Practicinc Dry-Lanp FARMING 


In the semi-arid regions a system of soil and crop manage- 
ment has been developed in which the conservation of water 


Fie. 65. Wueat Propucep By Dry-Lanp Farmina. (Agronomy Dept., 
Ill. Agr. Exp. Sta.) 


Dry-land farming is practiced extensively in the production of grain and forage 
crops in the Great Plains and in other semi-arid regions of the western states. 


and its economic utilization in crop production are the prime 
essentials. The system is known as dry-land farming. It is 
practiced extensively in the production of grain and forage 
crops in the Great Plains and in other semi-arid regions of the 
western states. In areas of low rainfall where irrigation is 
impractical, the practice of the principles of the system is 
essential for successful production of field crops. 

Dry-land farming is practiced most extensively in sections 
where the annual rainfall is 12 to 20 inches. (See Fig. 66.) 
The practice is confined largely to the states of Montana, the 
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Dakotas, Nebraska, Kansas, Oklahoma, northwest Texas, and 
eastern Wyoming, Colorado, and New Mexico. Often the 
distribution of rainfall is nearly as important as the total sup- 
ply. Much less rain is required if it falls largely during the 
growing season than if it occurs chiefly in the fall and winter 
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Fig. 66. Map Saowine Average ANNUAL RAINFALL IN THE WESTERN 
Part oF THE UNITED STATES 


Dry-land farming is practiced most extensively in sections where the annual rainfall 
is 12 to 20 inches, whereas irrigation is largely restricted to areas with a rainfall of less 
than 15 inches. 


months. Owing to a much lower rate of evaporation in cooler 
climates, crops can be grown satisfactorily without irrigation 
and with less rainfall in the Northwest than in the Southwest. 
The success of dry-land farming is also dependent on the 
character of the soil. Light sandy soils, often deficient in or- 
ganic matter, and heavier soils having open sandy or gravelly 
subsoils are poorly suited to this type of farming. Loams and 
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clay loams, well supplied with organic matter and having a 
heavy, uniform-textured subsoil, are capable of retaining suf- 
ficient water to be adapted to the practice of dry-land farm- 
ing. Next to the supplying of adequate water, the conserva- 
tion of organic matter is the most serious problem in dry-land 
farming. 

Unfortunately, there is considerable variation from year 
to year in the rainfall of the region where dry-land farming 
is practiced. In periods of relatively high rainfall the method, 
when conscientiously followed, results in fairly satisfactory 
yields; but with a series of years of abnormally low rainfall, 
sufficient water cannot be made available for crop needs. Dur- 
ing such periods serious wind erosion may develop, resulting 
in disastrous dust storms. Consequently, farming in such 
regions is more or less a hazardous occupation and the agri- 
cultural population somewhat transitory. 


Procedure: 
A. Till to conserve moisture. 
B. Grow drought-resistant crops. 
C. Seed properly. 
D. Cultivate thoroughly. 


A. Till to conserve moisture. The loss of water through 
surface runoff must be prevented as far as possible. This 
necessitates maintaining the surface soil in such condition that 
it will absorb rain water rapidly. Plowing increases the rate 
at which water is absorbed, and the depth of plowing influ- 
ences the amount which is absorbed. Therefore, plow to a 
depth of 7 or 8 inches promptly after crops are harvested. 
The lister can often be used to advantage instead of the 
moldboard type of plow. With clay soils, which when com- 
pacted absorb water very slowly, it is essential that plowing 
be done promptly.® 

Practice deep, fall plowing for the spring-seeded crops. 
Leave the ground in the rough over winter as snow will be 


9 See Chapter IV for tillage implements and operations. 
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held on the field more effectively. Disk or harrow in the early 
spring to form a surface mulch. Repeat the operation as often 
as necessary prior to seeding in order to prevent the loss of 
soil moisture by evaporation. Plow winter-wheat ground as 
soon as practicable after the preceding crop is removed. If too 
dry to plow, disk to lessen surface evaporation and to prevent 
loss of water through transpiration by weed growth. This 
disking will also increase the absorptive power of the soil, 
and should be repeated as conditions necessitate until sufficient 
rain water is absorbed to make it possible to plow the land. 
The lister can often be used to advantage in the planting of 
corn and other rowed crops. 

Provide for the maintenance of the organic-matter content 
of the surface soil. Organic-matter maintenance is exceed- 
ingly difficult in dry climates since the production of a green- 
manure crop is a drain on the available moisture, and the de- 
composition of any organic material incorporated with the 
soil uses up considerable amounts of water. Nevertheless, 
unless provision is made for replenishing the organic matter, 
the absorptive power of the soil is reduced, it becomes less 
retentive of moisture; and with light-textured soils wind ero- 
sion may become a more serious menace to the successful 
preduction of crops. Green-manure crops should not be 
plowed under immediately preceding the planting of a regular 
crop. Manure or crop residues should be applied and plowed 
into the soil in the fall. 

If a crop is to be sceded on freshly plowed land, roll the 
soil as soon as plowed, using the corrugated type of roller. The 
subsurface packer, an implement somewhat similar to the 
cultipacker, has been devised especially for dry-land farming 
and is a very effective type of roller to use. Follow the roller 
with a spike tooth or drag harrow to produce a surface mulch. 

At one time summer fallowing was employed extensively 
in the semi-arid sections. It is not used to any great extent 
today and can hardly be considered a part of modern dry-land 
farming. The practice consists of producing a crop only every 
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other year, and in alternate years of conserving moisture by 
means of a fallow. This fallow necessitates frequent summer 
tillage to kill weeds and to maintain a satisfactory surface 
mulch. It is at best an expensive system and will seldom prove 
an economically sound practice. 

B. Grow drought-resistant crops. Crops vary in their 
water requirements.’ In dry-land farming, choose those that 
make the most efficient use of water. Such crops are often 
termed drought-resistant. The small grains, especially wheat, 
the sorghums, and alfalfa, are outstanding examples. In addi- 
tion, plant only varieties which have been developed in dry 
sections and are known to be especially suited to arid condi- 
tions. It is important to make certain that the seed to be 
sown was actually produced in a dry climate. 

Wheat, chiefly because of its high drought resistance, is 
well suited to dry-land farming. In fact, it is the important 
cash crop of the semi-arid West. Although yields are nor- 
mally lower than in sections having greater rainfall, the qual- 
ity is better. Choose the hard, red wheats, such as Turkey 
red, for fall seeding, and hard varieties of spring wheat, like 
the durum, if seeding is to be done in the spring. Emmer and 
spelt, peculiar dry-land types of wheat, may be grown if the 
crop is to be fed to stock. They are especially drought- 
resistant but have been found unsatisfactory as cash crops. 
Other small grains, such as rye, oats, and barley, are also 
fairly well suited to a semi-arid climate. 

Of the cultivated crops, consider the production of sorghum, 
Milo maize, and Kaffir corn for forage. Do not attempt the 
production of field corn except where the temperature is 
especially favorable and the rainfall in excess of 15 inches. If 
the soil and temperature are suitable, include potatoes as a 
cash crop. Good yields are sometimes secured without irriga- 
tion when the rainfall is from 12 to 15 inches. 

Grow alfalfa in preference to any other hay crop; and if 
livestock is kept, consider sweet clover as a pasture crop. 

10 See Table V, Chapter II, for water requirements of plants. 
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These two legumes are especially well suited to dry-land con- 
ditions. Field peas may be grown in the cooler areas, and 
cowpeas in the warmer sections. It is not considered good 
practice to have land in alfalfa for long periods because the 
crop draws heavily on the moisture reserve of the subsoil and 
may so exhaust it that other crops following the alfalfa will 
not yield well. Sweet clover, as well as alfalfa, is adapted to 
dry conditions, not because of a low moisture requirement but 


Fic. 67. Sorauum—A Goop Dry-Lanp Crop. 


Of the cultivated crops, consider the production of sorghum, Milo maize, and Kaffir 
corn for forage where dry-land farming is practiced. 


on account of its ability to utilize, by means of a deep root 
system, the water supply of the subsoil. 

Besides the water requirement of crops, the season in which 
growth is made in relation to the distribution of the rainfall 
is an important factor to consider in choosing the crops to 
grow. Until experience justifies a change, depend on the crops 
that are produced most successfully by the better farmers of 
the community. Establish a systematic rotation, including at 
least one cultivated crop followed by a small grain. If al- 
falfa is grown, incorporate it in the grain rotation. 
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C. Seed properly. Seed the crops at half the rate used in 
humid sections. For example, 3 pecks of wheat or a bushel of 
barley to the acre is an adequate seeding in dry-land farming. 
One-half to one-fourth the normal number of alfalfa plants 
to the acre will suffice. Too large a number of plants to the 
acre will overtax the moisture supply, resulting in reduced 
yields. Except in heavy soils, seed somewhat deeper than in 
humid sections. Small grains may be seeded 2 to 3 inches deep 
with safety. Use the presswheel grain drill for seeding the 
small grains, especially on light soils or where at seeding time 
the soil is particularly dry. The rowed crops, such as corn 
and the sorghums, should be planted in furrows several inches 
deep, these to be filled later with soil when the crop is culti- 
vated. Where the seed-bed has been properly compacted and 
moisture conserved with a surface mulch, there should be suffi- 
cient water for germinating seed when planted in this way. 
The time of seeding is of even greater importance than in 
humid regions. Seeding dates vary with the different sections. 
Seed at the time considered best for the local community. 

D. Cultivate thoroughly. Cultivate the rowed crops fre- 
quently and to a somewhat greater depth than is advised in 
humid climates.1? First of all, weeds must be killed; but, in 
addition, the crops must be cultivated frequently to conserve 
moisture. Level but shallow cultivation should be given at 
sufficiently frequent intervals to maintain a fine soil mulch 
2 to 3 inches in depth. Plan to cultivate promptly after 
every rain that packs down and penetrates below the mulch. 
Harrow small grain until it reaches a height of 6 inches. Estab- 
lished alfalfa fields may also be harrowed to advantage. In 
dry-land farming cultivate crops with the idea of conserving 
for their use the water which has been stored in the soil and 
in addition as much as possible of the current seasonal rainfall. 
Crop yields will more often be determined by the water supply 
than by any other factor. 


11 See Chapter IV for cultivation of crops. 
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8. ConTROLLING Sort Erosion 


Erosion is responsible for soil depletion over vast areas. 
Its control is an important factor in the maintenance of the 
productivity of the 
soil throughout the 
humid sections of 
the country. In the 
southern states ero- 
sion is especially 
serious because of 
frequent torrential 
rainfall, the low or- 
ganic-matter con- 
tent of the surface yg. 68. Sor Erosion. (Agronomy Dept., Il. 
soils, and the Agr. Exp. Sta.) 
searcity of good Erosion is responsible for soil depletion over vast areas. 
sods. In much of 
this section the ground seldom freezes; it therefore remains 
subject to erosion throughout the winter months. Under such 
conditions strenuous measures have, of necessity, been resorted 
to in the control of erosion. The degree, nature, and distribu- 
tion of erosion in the United States are indicated roughly in 
Fig. 69. 

Land ruin as the result of uncontrolled erosion has recently 
been recognized as a national problem. Carefully planned 
erosion studies have been established in a number of states, 
and the Federal Soil Conservation Service is doing extensive 
erosion-control work throughout the country. Information 
is being secured on the rate of loss of soil material under dif- 
ferent cropping and soil-management practices. This informa- 
tion should prove of inestimable value in the control of soil 
erosion in farm practice. 

There are two important types of water erosion: gullying 
and sheet erosion. The former, which is the more apparent, re- 
moves both surface soil and subsoil, and not only reduces 
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the acreage of tillable land but also lessens the efficiency 
in crop production, owing to the irregularly shaped areas 
between the gullies. Sheet erosion is the gradual washing 
away of the surface soil from the sloping areas. Some of 
the material may be deposited in the low areas, but to 
a greater or less extent it 
is carried away by streams. 
Though less conspicuous than 
gullying, sheet erosion over 
a period of years may re- 
move enormous amounts of 
productive surface soil; and 
unless it is controlled the 
surface soil will ultimately 
become so shallow that a 
sufficiently deep  seed-bed 
cannot be prepared without 
plowing into the subsoil. 
This type of erosion is preva- 
lent throughout the grain 
and livestock sections of the 
North and accompanies 
gully erosion in the South. 

: Eight to 10 feet of soil have been washed 
Both gully and sheet erosion away by sheet erosion from the cultivated 
can be materially lessened, ‘eld in the foreground. 
P 7 Though less conspicuous than gullying, 
if not entirely controlled, sheet erosion over a period of years may 
by proper soil manage- ee enormous amounts of productive 
ment. 

A third type of soil erosion is known as wind erosion. 
Sandy soils, as well as peat and muck, are susceptible to it. 
Injury due to the blowing of the surface soil is most common 
in the prairie states. Although erosion is more severe in some 
sections than in others, there are few farms on which some 
injury is not apparent as the result of cither soil or wind 
erosion, or both. 


Fig. 70. SHEET ERosIon. 
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Fia. 71. Guiiy Erosion. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


Both gully and sheet erosion can be materially lessened, if not entirely controlled, 
by proper soil management. 


Fic. 72. Wuinp Erosion. 


Sandy soils, as well as peat and muck, are susceptible to wind erosion. 
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Fig. 73. A Large GULLY. 


The best way to prevent the formation of large gullies is to fill the small ones 
promptly. 


Fig. 74. Burzpine A Brusu Dam. (Agronomy Dept., Neb. Agr. Exp. 
Sta.) 


Construct brush dams for stopping moderate-sized gullies. 
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Procedure: 
A. Fill gullies. 
B. Grow sod crops and cover crops. 
C. Manipulate the soil properly and farm on the contour. 
D. Practice strip cropping. 
E. Construct diversion ditches and terraces. 
F. Reduce injury from wind erosion. 


A. Fill gullies. Small gullies can be filled easily, but 
large ones are difficult and expensive to eradicate. The best 
way to prevent the 
formation of large 
gullies is to fill the 
small ones prompt- 
ly. Fill the small 
gully with straw, 
weeds, or similar 
material, and cover 
by plowing several 
furrows on either 
side, throwing them 


to the center of 
Fig. 75. Serres or Toree Brusa Dams. the ditch. Level, 


Brush dams should be constructed at such frequent and seed to a rank- 
intervals that the top of one is on the level with or B , 
slightly above the base of the adjoining one up the gully. 2rOW1INg Crop like 


rye, millet, or Su- 
dan grass. If a sod strip is necessary to prevent the reform- 
ing of the gully, seed a grass mixture.’” 

Construct brush dams for stopping moderate-sized gullies. 
Pack the brush in the gully with the butts upstream. Use 
plenty of brush so that, when thoroughly tramped down, the 
ditch will be practically level-full with the center slightly 
lower than the sides. Drive a row of stakes through the brush 
about one-third the distance below the butts. Now bind the 
tops together with wire, and fasten securely to the stakes with 


12 See page 422 for grass mixtures. 
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staples. When this is done, drive the stakes down until the 
wire firmly binds the brush and the stakes are well anchored 
in the soil underneath. Dams of this type should be con- 
structed at sufficiently frequent intervals so that the top 
of one is on the level with, or slightly above, the base of the 
adjoining one up the gully. Fill in above each brush dam 
with a layer of straw, weeds, or cornstalks. When the ditch is 


Fic. 76. Concrete Dam. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


Dams of this type are expensive and should be used only where the soil is subject to 
serious erosion and where their use is absolutely essential to the protection of good farm 
land. 


filled with sediment between dams, plow and seed as with the 
small gullies. Unless a sod strip replaces the gully, construct 
an occasional low ridge across the filled-in area so the water 
will be diverted to either side. A diversion ditch emptying 
into woodland or onto a permanent pasture sod may be neces- 
sary to prevent the formation of new gullies. 

If the gully is too large for the successful use of brush, 
either earth or concrete dams must be used. With these 
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larger dams, use a tile to carry the water under the dam as 
shown in Fig. 76. A vertical tile just above the dam permits 
the water to enter when it rises above the upper edge of this 
tile. As sediment accumulates, the height of this intake is 
raised until finally the gully becomes filled to the level of 
the top of the dam. Construct a wooden or concrete spillway 
where the water emerges from the tile below the dam. Dams 


Fig. 77. Sop Srrir ro Prevent Eroston. (Soil Erosion Service, U. S. 
Dept. of Int.) 


If fields in which gullies may form must be plowed, the natural drainage ways should 
be seeded and maintained in sod. 


of this sort are expensive and should be used only where the 
soil is subject to serious erosion and where their use is abso- 
lutely essential to the protection of good farm land. 

B. Grow sod crops and cover crops. Erosion is most serious 
where tilled crops are grown, and can be largely prevented by 
maintaining a good grass sod. Fields subject to erosion should, 
when it is feasible, be used for permanent pasture and long 
lays of hay. Plow such fields at infrequent intervals, if at all, 
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and avoid so far as possible using them for the production of 
crops requiring cultivation. When plowing becomes necessary, 
reseed promptly to a sod crop. If fields in which gullies may 
form must be plowed, the natural drainage ways should be 
seeded down and maintained in sod unless other means of 
erosion prevention are utilized. Such fields should be liberally 
fertilized or manured to assure a dense sward. Erosion may 
develop in thin sods which occur on depleted soils, but a thick 
pasture or meadow sward reduces sheet erosion to the minimum 
and prevents gullies from starting. Sod strips, if properly 
located, will handle the surface runoff so that gully erosion will 
not start. When necessary for the maintenance of a heavy sod, 
top-dress these strips with manure or fertilizer. 

Plow sod land in the spring rather than in the fall so that 
the soil may have the protection of the sod during the winter. 
Where fall plowing of sod on areas subject to erosion is essen- 
tial for the success of the following crop, erosion can be re- 
duced, if not completely controlled, by leaving sod strips at 
least a rod wide at intervals of 100 feet or more, depending 
on the per cent of the slope. These sod strips should be ap- 
proximately on the contour. They may be plowed in the 
spring before the seed-bed is prepared. 

Erosion is less serious with small grains than with culti- 
vated crops. Winter cover crops, such as rye, vetch, and 
clover, are helpful in reducing surface washing. Seed regularly 
each fall on land subject to erosion unless it is protected by a 
sod. Where the control of erosion is so expensive that culti- 
vated crops cannot be produced profitably, grow grass and 
clover instead, and utilize as meadow or pasture. If erosion 
cannot be controlled advantageously when the land is in sod, 
it might well be planted to forest trees, as such soils cannot be 
utilized advantageously for the production of field or pasture 
crops. For the control of wind erosion, use sod where the soil 
is adapted to grass. In the event of serious wind erosion on 
very sandy soils and on peat and muck, plant trees as wind- 
breaks. 
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C. Manipulate the soil properly and farm on the contour. 
Plow relatively deep where a soil is subject to erosion. This 
will increase the absorptive capacity of the soil, reducing sur- 
face runoff. Maintain the organic-matter content of the sur- 
face soil at as high a level as is practical, since organic matter 
increases absorptive capacity. Always plow the slope cross- 
wise so as not to leave dead furrows running up and down the 
hillside. The swivel plow can be used to advantage on steep 


Fic. 78. Conrour FarmMina. 


In sections where the soil is especially susceptible to erosion, it is very essential 
that all tillage operations follow the contour of the surface. 


slopes.1* Where tilled crops are grown, run the rows across 
the slope to avoid cultivating up and down the hill, a practice 
conducive to soil erosion. 

Give the crops level cultivation. Even when seeding small 
grain, the drill should not be driven up and down the slope 
as the wheels and the hoes will leave depressions into which 
surface water may drain and start erosion. By seeding cross- 
wise of the slope, these depressions, with the ridges between, 
tend to hold the water until it is absorbed by the soil. In 


13 See Chapter IV for types of plows. 
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sections where the soil is especially susceptible to erosion, it is 
very essential that all tillage operations follow the contour of 
the surface. This practice, termed contour farming, should 
be employed in connection with rotation of crops as a means 
of reducing erosion. Where the soil is subject to wind erosion, 
plant the crops promptly after the land is plowed. 

Even though a fairly satisfactory job of contour farming 
may be accomplished without first locating contour lines, it is 
generally advisable, especially where accuracy is essential to 
erosion control, to locate contours by means of a land level. 
This is not a difficult procedure. All the equipment needed is 
a farm level, a ranging pole, or any straight, lightweight pole 
6 to 7 feet in length, a supply of building laths, and a rubber 
band or elastic which will fit snugly around the pole. Start 
at one edge of the field across which a contour is to be run. 
Set the level up about 50 paces in from the edge of field and 
level it accurately. Have the pole held upright at the edge 
of the field. The base should rest on the surface of the ground. 
Sight through the level and have the rubber band on the pole 
moved up or down until it is on the level with the instrument. 
Have a lath stuck in the ground at the position of the pole. 
The pole should now be moved 10 to 12 paces in the direction 
of the level and held vertical as before. Care should be taken 
not to change the position of the rubber band. From this 
point have the pole moved up or down the slope until the 
rubber band is again on a level with the instrument. Mark 
this new position with another lath, proceed in the same 
manner, and locate additional laths at 10 to 12 paces on the 
same level until a distance of 50 to 60 paces beyond the 
position of the level has been reached. It now becomes neces- 
sary to move the level. It should be advanced some 50 or 
60 paces beyond the pole. Again level the instrument and 
sight back on the pole which should not be moved from the 
last position while the level is being advanced. Again have 
the rubber band raised or lowered until it is again on the same 
level as the instrument. Continue the procedure until the 
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opposite side of the field is reached. Obviously, the laths will 
indicate a line which is on the same contour or level. In the 
same manner locate sufficient additional contour lines across 
the field so plowing and seeding may be done on the contour. 
D. Practice strip cropping. On broad sloping hillsides, 
where it is necessary to produce rowed or drilled crops and 
contour cropping alone is not adequate to. prevent erosion, 
different crops may be grown in alternate strips crosswise of 


Fic. 79. Srrip Cropping. (Soil Erosion Service, U.S. Dept. of Int.) 


One of the most practical means of reducing erosion is to grow crops in alternate strips 
or belts. 


the slope. To be most effective these strips should follow the 
contour of the field. 

Since sod crops are most effective in reducing erosion, 
it is desirable that every second or third strip be in hay. 
Adjoining strips should never be in cultivated crops. A 
small grain crop may adjoin a strip of a cultivated crop, but, 
wherever feasible, a strip of a sod crop should be immediately 
above or below each strip of a cultivated crop. 

A desirable arrangement of crops on strips for a five-year 
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rotation of corn, oats, wheat, and two years of hay is as 
follows: 


Strip Ist Year 2nd Year | 8rd Year 4th Year 5th Year 


1 Corn Oats Wheat Clover Timothy 
2 Clover Timothy Corn Oats Wheat 

3 Oats Wheat Clover Timothy Corn 

a Timothy Corn Oats Wheat Clover 

5 Wheat Clover Timothy Corn Oats 


The width of the strips should depend on the degree of 
slope, the susceptibility of the soil to erosion, and the ex- 
pected intensity of rainfall. Strips narrower than 50 feet are 
impractical, and so far as possible they should be 100 feet 
wide or even more. Except where soil and climatic conditions 
are favorable for erosion, the strips may safely be as wide as 
100 feet provided the slope does not exceed 10 per cent. Under 
similar conditions 75-foot strips may be used on a 10 to 15 
per cent slope, and 50-foot strips on 20 per cent slopes. Even 
where soils are well drained and not particularly subject to 
erosion, slopes with a steeper grade than 20 per cent should be 
used exclusively for sod crops. Where conditions are more 
favorable to erosion, a slope of 15 per cent and, under extreme 
conditions, slopes of 10 to 15 per cent should be used for 
permanent pasture or continuous hay production. A plan 
for strip cropping, including location of strips and diversion 
ditches,.is graphically shown in Fig. 80. The location of the 
crops of the five-year rotation is indicated. 

In establishing a system of strip cropping, it is often de- 
sirable to remove fence rows and to throw two or more fields 
together in order to avoid short strips. Before deciding on 
the width of strips, the approximate degree or per cent of 
slope should be determined. To do this set up the level at the 
lower edge of the field and sight up the hill. Note the point 
up the hill which is on the same level as the instrument. Mark 
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this point with a stake. Then measure the distance from the 
instrument to the stake. Also determine the height in feet of 
the level above the ground surface exactly underneath. Now 
multiply this latter figure by 100, and divide the result by the 
number of feet between the instrument and the stake to 
secure the per cent of the slope. Repeat this process as fre- 
quently as necessary to obtain sufficient information about 
the degree and variation 
of slope on which to de- 
termine the desired width 
of strips. If in doubt as 
to the width of strips, 
consult your college of 
agriculture, county agri- 
cultural agent, or a com- 
petent agricultural  en- 
gineer. Knowing the 
character of soil and the 
per cent of slope, one may 
secure from either of these 
sources information as to 
the required width of the 
crop strips. 

After the width of 
strips has been deter- 
Fia. 80. A Puan For Srrip Croprine. mined, start at the lower 

side of the field and lay 
out a contour line across the field, starting from a point on 
one side of the field, the distance of the strip above the lower 
corner. In laying off the contour, follow instructions given 
for establishing contour farming. 

The upper edge of the strip may be located by measuring 
up the slope from each stake, marking the established contour 
line. Use care that all measurements are made at approximate 
right angles to the contour line. In conjunction with these 
measurements, drive stakes or laths, marking the upper edge 
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of the strip. Boundaries of additional strips may be located 
in the same manner by measuring up the slope from the last 
one established, provided the slope is uniform. In the great 
majority of cases variation in degree of slope will necessitate 
laying out every second- or third-division strip on the contour. 
Refer to Fig. 80. 

As a result of irregularity of slope, some strips may be 
wider or narrower than others, and correction strips or part 
strips may have to be employed. Such correction areas cannot 
conveniently be used for cultivated crops. They should be 
cropped with hay or a rotation of small grains and hay as 
indicated in Fig. 80. 

After the boundaries between strips are located for the 
whole field, they should be marked more permanently by 
plowing a furrow along each. It is desirable to establish a 
system of strip cropping while a field is in hay, since the 
common rotations can more readily be established and erosion 
more effectively controlled the first year. 

E. Construct diversion ditches and terraces. A diversion 
ditch, as the name implies, is an artificial drainage way con- 
structed to divert water from its natural direction of flow. 
In function it is similar to a terrace. A diversion ditch is 
most often used near the top of a slope as a means of diverting 
headwater from flowing down across a field. Such a ditch 
should empty into woods, a stream-bed, or onto a well- 
established pasture sod where it will do no harm. It is some- 
times necessary, in connection with strip cropping, to install 
several such ditches along diversion strips where the slope is 
too steep for strip cropping in itself to control erosion effec- 
tively. See Fig. 80. 

Land should be terraced only as the last resort in con- 
trolling erosion. In addition to entailing a large initial ex- 
pense, terraces require constant repair; and even when they 
are properly located, erosion continues between the terraces, 
and considerable surface soil is washed away at the end of 
each terrace. Wherever practical, grow sod crops on land 
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which would require terracing for erosion control if tilled crops 
were grown. To be effective, terracing should be done in con- 
junction with, rather than separate from, the other methods 
employed in the control of soil washing. A terrace consists of 
a ridge of sufficient height to catch the water, and which has 
a gradual but uniform grade to cause the water to flow around 
the slope until it is deflected from the field. The surface 
drainage above a terrace, the same as the water of a diversion 


Fig. 81. Diversion Ditcu. 


A diversion ditch is most often used near the top of a slope as a means of diverting 
headwater from flowing down across a field. 


ditch, should empty into woodland, a stream-bed, or onto per- 
manent sod. 

Diversion ditches and terraces are laid out in the same way 
and constructed similarly. For both, the fall should be uni- 
form, or with long ditches or terraces, gradually increased 
towards the outlet. The degree of fall will depend not only 
on the length of the ditch or terrace, but also on the rate and 
intensity of rainfall and on the character of the soil. It should 
seldom be less than 3 inches and practically never over 36 
inches to the hundred feet. Before laying out either diversion 
ditches or terraces, secure reliable information as to degree of 
fall for your local climatic and soil conditions, 
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In locating diversion ditches or terraces a land level and a 
rod or pole 8 to 10 feet in length will be needed. Proceed as 
follows: Set up the level where the ditch or terrace is to start 
and work downgrade. Drive a stake or lath to mark the 
starting point. In order that instructions be specific, assume 
that the fall is uniform and at a rate of 6 inches to the hun- 
dred feet. Measure the exact height of the instrument above 
the ground level. Now measure this same distance from the 
base of the rod or pole and mark preferably with a rubber 
band or elastic as suggested in laying out contour lines. Slip 
the band exactly 6 inches up the rod. Measure or pace a 
distance of 100 feet in the approximate direction in which 
the ditch or terrace will be located. At this point have the rod 
held vertical with the base resting on the ground surface. 
Sight through the level and have the pole moved up or down 
the slope until the band on it is exactly level with the instru- 
ment. Mark this point with a stake or lath. Raise the band 
an additional 6 inches on the pole, and locate the position of 
the ditch or terrace an additional 100 feet from the instrument. 

When it becomes necessary to move the level to a new 
position down the slope, have the pole held at the last 100-foot 
location determined. After the instrument is leveled in its 
new location, sight back on the rod and have the band moved 
down until it is on the exact level with the instrument. Again 
slip the band up 6 inches on the rod and proceed as before. 
In some fields it may be desirable to locate the position of 
ditch or terrace at 50-foot intervals, while in other instances 
200-foot intervals may be adequate. For 50-foot intervals the 
band should be moved 3 instead of 6 inches up the rod, and for 
200-foot intervals the band should be moved up 12 inches on 
the rod. 

Obviously, the procedure in determining the location of a 
diversion ditch or a terrace is similar to that in locating a 
contour line—the only difference being that in the former in- 
stance the band must be moved a uniform distance up the 
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measuring rod for each unit distance down the grade, whereas 
with the latter it remains in the same position on the rod for 
each setting-up of the land level. 

While it is not difficult to locate an individual diversion 
ditch or terrace, it is not always a simple matter to determine 
how many ditches or terraces may be needed in a given field 
to keep erosion under control. Especially where a series of 
terraces is to be laid out, a competent engineer should be em- 


Fic. 82. A Terrace. (Soil Erosion Service, U. S. Dept. of Int.) 


Land should be terraced only as the last resort in controlling erosion. 


ployed to determine the number required and the height to 
which they should be constructed. 

After the location of a diversion ditch has been determined, 
proceed as follows in its construction: First, plow a strip 20 
to 40 feet wide immediately above the marked ditch line. 
Then, with a road scraper or a bulldozer, throw the soil down- 
hill until a broad ridge 2 to 3 feet high has been built up with 
a ditch 12 to 18 inches deep formed above the ridge and about 
one-third of the way across the plowed strip from the upper 
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edge. Then harrow the whole strip and seed with a pasture- 
seeding mixture adapted to the soil and climatic conditions.** 

After the terrace is located, plow a deep back furrow along 
the line of stakes. Continue plowing, throwing the furrow 
slices in from both sides, until a strip 12 to 15 feet wide is 
plowed. Drag the plowed soil with a regular terrace drag, 
throwing it in from both sides until a broad ridge is formed, 
having a height of 15 inches at the center and a uniform slope 
to the two sides. A road scraper, either horse or tractor type, 
may be used instead of the terrace drag. After the terrace has 
settled for several weeks, check it with a level, making certain 
that there are no low spots which might overflow. Where the 
crest has settled below an elevation of 12 inches, rebuild to at 
least this height by additional scraping. Inspect a new terrace 
after every heavy rain. Fill in any places that have settled 
unduly, and repair any breaks that may have occurred. Simi- 
lar attention should be given to diversion ditches. 

Attention should be given the terraces with every plowing 
of the field. Unlike diversion ditches, which are commonly 
maintained in permanent sod, terraces are plowed and cropped 
in the same way as the rest of the field. In plowing a terraced 
field, plow down the center of the terrace, first throwing the 
furrows in. Starting with this back furrow, continue plowing 
out from the center of the terrace. This will tend to rebuild the 
terrace ridge and leave the dead furrow in the middle of the 
space between terraces. Plant crops on the contour with the 
terraces, and cultivate them in like manner. Employ strip 
cropping, including sod crops when practical, on terraced 
fields. 

F. Reduce injury from wind erosion. Although wind ero- 
sion of farmed soils is less injurious than water erosion, 
nevertheless much damage has resulted from the blowing of 
surface soil. The prevention of this type of erosion is a real 
problem on many farms. Sand, muck, and peat are especially 


14 See Chapter X for pasture-seeding mixtures. 
15 See Chapter IV for information on plowing. 
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subject to wind erosion, and it is more serious in arid or semi- 
arid than in humid sections. It is more severe in dry summers 
than in wet ones. Dust storms were very severe in certain 
states of the Great Plains in the summer of 1934, and have 
been troublesome ever since. These dust storms are the result 
of a series of dry years in a section where a large proportion 
of the land is in wheat or other non-sod crops and where there 
is little timber growth to reduce the velocity of the wind. 
Crop injury may result even on the heavier types of soil. 

Keeping land in sod is the most practical way of con- 
trolling wind as well as water erosion. Unfortunately, very 
sandy soils are not particularly suited to the production of 
grass crops, nor are they especially good for permanent pas- 
tures. Where rotation crops are grown, till the soil at right 
angles to the direction of the prevailing winds, prepare the 
seed-bed promptly after plowing and seed the crop immedi- 
ately. Avoid preparing too fine a seed-bed. So far as possible, 
use the type of implement which will leave the surface some- 
what cloddy. Do not use a smooth roller or a plank drag. 

Where the surface soil is deep, use a lister instead of a mold- 
board plow. Strip cropping can sometimes be used to ad- 
vantage. Windbreaks consisting of rows of trees or shrubs, 
or even of board fences, may be employed where the produc- 
tion of high-value crops can be justified. 

Considerable areas of marginal or submarginal sandy land 
are being farmed. Much of it is subject to serious injury 
by blowing. With the development of a sound land-utilization 
program many of these farms will, in all probability, be 
thrown out of cultivation and seeded to grass or forested. 


GENERAL INFORMATION 
1. CHARACTER oF Sor WATER 


There are three forms of soil water. The first form, called 
free or gravitational water, is that part of the water which 
passes down through the soil and is lost as underground drain- 
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age. The remainder of the water is held by the soil as films 
around the soil grains. That which is loosely held until 
evaporated from the surface, or utilized by growing plants, con- 
stitutes the second form of water. It is capable of moving 
freely in any direction and is called capillary water. The 
third form, hygroscopic water, is held very tightly as extremely 
thin films around the soil grains. There is no distinct division 
between these three recognized forms of soil water, but rather 
a gradual transition from one into the other; nevertheless, it is 
necessary to know the character of each in order to understand 
the functioning of soil water as a whole. 

A. Free water. The free water flows downward through 
the pore spaces of the soil. In inadequately drained soils it 
may fill the pore spaces, producing what is called a saturated 
or water-logged soil. The water table represents the location 
of the upper level at which the pore spaces are filled with free 
water. Free water is injurious to crops if it accumulates in 
the area of root growth. The function of drainage is to 
remove the free water and prevent its accumulation in the 
upper 2 to 4 feet of soil. Free water is of value in replenishing 
the supply of capillary water. For this reason it is desirable 
to have the water table just below the zone of root devel- 
opment. 

B. Capillary water. It is in this form that water is utilized 
by plants. The root hairs take it in from the loosely held films 
surrounding the soil grains. As the root hairs draw on the 
films with which they come in contact, surface tension causes 
a movement of capillary moisture to the films of reduced 
thickness, and thus the supply of capillary water is replenished. 
In the same way this form of water moves upward by capil- 
larity as evaporation takes place from the surface of the soil. 

Plant growth is dependent on an adequate supply of capil- 
lary water. By means of this water the soil plant-food enters 
the plant. The amount most favorable for growth—that is, 
the optimum moisture content of soils—varies with the char- 
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acter of the soil. It is approximately 20 per cent for sand, 
30 per cent for clay, and 200 per cent for muck. As the 
amount is reduced below the optimum, growth is retarded; 
and in extremely dry seasons crops may wilt and even die be- 
cause of an inadequate supply of capillary water. 

C. Hygroscopic water. The hygroscopic water is of little, 
if any, agricultural importance. It is the water that remains 
when a soil is thoroughly air-dried. This form of water is 
held tightly by the soil grains, does not move under normal 
conditions, and cannot be utilized by plants. Much of it is 
associated with the colloidal material and the organic matter. 
It can be forced from the soil by heating to the boiling point. 
The amount varies from 2 per cent in sand to as much as 40 
per cent in muck. Ordinary loams contain 4 to 6 per cent. 

Understanding the functions of these different forms of 
water, one can appreciate the necessity, in practical soil 
management, of removing excessive amounts of free water by 
artificial drainage, as well as the importance of maintaining an 
adequate supply of capillary water for the growth of crops. 


2. Wuy DratnacE Is ESSENTIAL 


Wet soils are the result of one or more of the following 
three conditions: (1) an inadequately developed surface drain- 
age; (2) seepage due to underground water coming to the 
surface; (3) impervious subsoil. Any one of these conditions 
may result in crop injury due to the slow removal, or the 
accumulation, of free water in the surface few feet of the soil. 

The direct injury to plants is due to the filling of the pore 
spaces by free water, and forcing the air out of the soil. An 
adequate supply of air in the soil is absolutely essential for the 
growth of crops. It is likewise essential to the functioning 
soil bacteria, upon which plant growth is so dependent. 
The direct injury from poor drainage is the result of a re- 
duced supply of soil air. The only means of remedying 
the difficulty is to remove the excess water and permit air to 
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replace it. Drainage, then, can be said to improve the tilth 
of the soil since proper aeration is one of the essentials of good 
tilth. It can also be said to increase the available plant-food 
since the rate at which the soil supply becomes available is 
largely dependent on the activity of the soil bacteria. 

Other benefits of drainage may be summarized as follows: 

(1) It reduces drought injury. 

This is due to the deeper root system developed in well- 
drained soils. 

(2) It permits more efficient soil and crop management. 

A well-drained soil dries quickly in the spring, permitting 
early seed-bed preparation. It also warms up more quickly 
than a poorly drained soil. As a result, spring crops can more 
often be seeded on time, a most essential requirement of suc- 
cessful production. Drainage also facilitates the cultivation 
of crops during the growing season. Through the drainage of 
low spots, fields are made uniform, and as a result can be 
farmed more economically. 

(3) It reduces crop and soil injury. 

Drainage reduces the winter injury done to crops by heav- 
ing. The pressure which forces the plants upward, breaking 
many of the roots and disconnecting the whole root system 
from its firm contact with the soil, is the result of expansion 
caused by the freezing of the free water in the surface soil. 
Sometimes soil erosion may be lessened by underdrainage; and, 
in irrigation farming, alkali injury may be reduced if not 
completely remedied. 

(4) It increases the area of cropped land. 

From the standpoint of an adequate food supply, drain- 
age is beneficial in that it makes possible the reclaiming of 
land which, until drained, is unfit for cropping. 
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3. ILLUSTRATION OF CALCULATING DEPTH oF DITCH 
(Refer to Fig. 83.) 


Information necessary for calculations: 


Length of ditch, 500 feet. 
Depth at outlet, 3 feet. 
Fall, 4 inches to 100 feet. 


Fig. 83. Graruic ILLUSTRATION OF CALCULATING DEPTH OF DRAINAGE 


Ditcu. 

Level readings: 

At outlet 6 feet 9 inches 

At first hub stake Ci Se Ome 

At second “ if ges ww 

At third “ ie (iy OS ee. oo 

At fourth ~ - ae oat Oia 

At upper end of ditch 5 “ 0 “ 
Calculations: 
6 feet 9 inches + 3 feet = 9 feet 9 inches 
9 “9 “ 4 inches = 9 feet 5 inches 
9“ 5 “ — 6 feet 6 inches = 2 feet 11 inches depth at first 

hub stake 


4 inches X 2 = 8 inches 

9 feet 9 inches — 8 inches = 9 feet 1 inch 

9 “ linch — 5 feet 6 inches = 3 feet 7 inches depth at second 
hub stake 

4 inches X 3 = 12 inches 

9 feet 9 inches — 12 inches = 8 feet 9 inches 

8 “9 “  — 6 feet 4 inches = 2 feet 5 inches depth at third 
hub stake 
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4 inches X 4 = 16 inches 

9 feet 9 inches — 16 inches = 8 feet 5 inches 

8 “ 5 “  —6 feet 6 inches = 2 feet 11 inches depth at fourth 
hub stake 

4 inches X 5 = 20 inches 

9 feet 9 inches — 20 inches = 8 feet 1 inch 

8 “ linch — 5 feet O inches = 3 feet 1 inch depth at upper end 


4. Kinps oF ALKALI AND Crop INJURY FROM ALKALI 


Alkali consists largely of the accumulation of such water- 
soluble salts as sodium chloride (common salt), sodium sulfate 
(Glauber’s salt), sodium carbonate (salsoda), and sodium 
hydroxide (common lye). While other salts commonly occur 


Fig. 84. ALKati InsJury TO SWEET CLOVER. 


While plants secure nutrients from the soil solution, they cannot endure a high 
concentration of soluble salts. 


in small amounts, these four are of greatest concern in alkali 
control. The first two are the so-called white alkali, and the 
last two are the so-called black alkalz. 

While the salts which constitute white alkali may be 
readily leached from the soil if there is adequate underdrainage 
and a sufficient supply of irrigation water, those making up 
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the black alkali salts are held by the soil colloids. Their 
composition must be changed before they can be leached out 
successfully. Where gypsum (CaSO,) or elemental sulfur is 
incorporated with the soil, base exchange *® takes place with 
the formation of sodium sulfate, which may be removed by 
leaching. 

Most alkali deposits contain both white and black alkali. 
The formation of black alkali often accompanies the removal 
of the white alkali. An additional complication frequently 
encountered in the removal of alkali is the development of an 
undesirable physical condition in the soil which interferes 
with the downward movement of water, and thus reduces the 
effectiveness of further leaching. The soil becomes puddled 
and difficult to till. Farmers refer to it as the “freezing-up” 
of the soil. This condition is invariably associated with the 
presence of black alkali. While the presence of white alkali 
improves the structure of: a soil, a relatively small amount of 
dlack alkali ruins the tilth, especially if the soil contains any 
material amount of clay. The application of gypsum or ele- 
mental sulfur has been found the most practical treatment to 
alleviate the difficulty. 

While plants secure nutrients from the soil solution, they 
cannot endure a high concentration of soluble salts. The 
injury may be due to the concentration of the soil solution’s 
becoming greater than that of the plant sap, resulting in inter- 
ference with the normal movement of the solution into the plant 
roots.” The growth of many plants is retarded by excess 
chlorine, and most plants grow best when the soil is slightly 
acid. As might be expected, the hydroxides which largely con- 
stitute the black alkali are extremely toxic to plants, and it re- 
quires a relatively small amount to produce serious crop injury. 
In addition to a direct chemical effect which is injurious, the 
black alkali indirectly retards growth as a result of its adverse 
effect on soil tilth. 


16 See page 51 for explanation of base exchange. 
17 See page 89 for discussion of the function of water in plant growth. 
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COMMUNITY STUDIES 


1. Visit a poorly drained area or field and determine the practicability 
of its being drained. 

2. Visit a farm that has a tile system installed. Inspect the out- 
let, determining the method and efficiency of protection and whether the 
system is functioning. Secure information as to the date of installation, 
cost, and effect on crop yields. 

3. If open-ditch drainage is used in the community, inspect such a 
drainage system. Is the land satisfactorily drained? Are the ditches 
clean? How often are they cleaned? Have weeds been kept down along 
the ditches? Estimate the percentage of a ditched field that is unfarmed 
because of the ditch system. 

4. Estimate the proportion of farm land in the community which is 
in need of better drainage. 

5. How many acres of unimproved land in the community need drain- 
age to make the land suitable for cropping? 

6. If practicable, locate and dig a drainage ditch, establish the fall, 
and lay a miniature tile system. 

7. If in a section of low rainfall, make a field study of systems of 
dry-land farming and irrigation practices. 

8. Locate and study examples of gully and sheet erosion in the 
community. 

9. Visit, where available, a farm on which erosion-control practices 
have been established. List the methods used and note their relative 
effectiveness. 

10. Locate a small gully and construct a brush dam, or find a place 
where a diversion ditch is needed and locate such a ditch with the proper 
fall and satisfactory outlet. 

11. In communities where terracing is practiced, visit a terraced field 
and determine the effectiveness with which the erosion is controlled. In 
such a community, determine the location of, and stake out, a pros- 
pective terrace. 

12. If strip cropping is practiced in the community, visit a farm on 
which this method of erosion control is being followed. List the crops 
grown and the width of the strips of each, and observe the effectiveness 
of the different crops in reducing erosion. 

13. Where wind erosion is a problem, determine the means used in 
farm practice to control it. 
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PROBLEMS 


1. If the surface runoff is 25 per cent, how many inches of rainfall 
would be required to produce an optimum moisture content of a foot 
of water-free loam soil? 

2. Calculate the depth of a drainage ditch at each 100-foot interval. 
The length of the ditch is 500 feet, depth at outlet 3% feet, and fall 
3 inches to the 100 feet. The level readings are as follows: 


At outlet 6 feet 10 inches 
Giese Intlo Guiles G) & 7  & 
“ second “ “ 6 (3 9 “ 
“ third “ “ee 6 “ 6 “ 
“ fourth “ “cc 5 “ee 10 “ 
“upper end pth oh ae 


8. Outline arrangement of crops for strip cropping where the rotation 
consists of two years of corn, one of oats, and three of hay. 
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CHAPTER IV 
TILLING THE SOIL 
Tillage, essential for the profitable production of farm 


crops, includes plowing, harrowing, and dragging the soil in 
the preparation of the seed-bed, and cultivating the growing 


Fig. 85. Goop PLrowine. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


Good soil tillage economically performed is an absolute essential of profitable farming. 


crop... It constitutes one of the major items of expense in crop 
production. The operations must be performed thoroughly 
and with the minimum expenditure of labor. Good soil 
tillage economically performed is an absolute essential of 
profitable farming. 


1 See General Information at end of chapter for benefits of tillage. 
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Operations: 
1. Plowing. 
2. Preparing the seed-bed. 
3. Cultivating the crop. 


1. PLowING 


Field soils become firm when left unstirred for several 
months. The weight of the soil and the compacting by rain 
tend to force the grains closer together. If the soil is of a clay 
character, it may become very hard and even impervious to 
water within a comparatively short period. Invariably, the 
soil must be loosened by tillage before a crop can be seeded 
successfully. This generally necessitates plowing, which con- 
stitutes the first tillage operation. Another object of plowing 
is to incorporate organic matter with the soil. Plowing 
consists of cutting narrow slices of the surface soil, throwing 
them to the side, and depositing them in a partly inverted 
position. In the process the moved soil is more or less broken 
apart. The depression left by the plow is called a furrow. 
The strip of soil moved by the plow, which varies from 8 to 
18 inches in width depending on the size and set of the plow, 
is known as the furrow slice. When, in plowing, two adjoining 
furrow slices are thrown in opposite directions resulting in a 
double-width furrow, the depression between is termed a dead 
furrow. Similarly, when two adjoining furrow slices are 
thrown together from opposite directions, a ridge results which 
is known as a backfurrow. 


Procedure: 
A. Plan the plowing. 
B. Plow at the proper time. 
C. Plow to the proper depth. 
D. Plow under organic matter. 
E. Care for the plow. 


A. Plan the plowing. Before starting to plow a field a 
plan must be determined upon. If a two-way plow is used, 
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little planning is necessary as the plowing may be started at 
one side of the field and continued systematically across the 
field, a single furrow at a time. This is possible with a plow of 
this type because it throws all furrows in the same direction. 
Most plows are either right- or left-handed, depending on 
whether the furrow slice is thrown to the right or to the left.? 


Fie. 86. Two-Way Pirow. (Agronomy Dept., N. Y. State Col. of Agr.) 


If a two-way plow is used, little planning is necessary as the plowing may be started 
at one side of the field and continued systematically across the field, a single furrow at a 
time. 


In plowing a small field with the ordinary type of breaking 
plow, start at one corner and plow around the entire field, 
throwing the furrow slices out. In a rectangular field, a dead 
furrow is left through the center on completion of plowing. 
When the field is again plowed, start by plowing through the 


2See General Information at end of chapter for different types of 
plows. 
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center the long way of the field, reversing the whole operation 
and throwing the furrows in from both sides. This will produce 
a back furrow where the dead furrow was left by the previous 
plowing. Small, or irregularly shaped fields are invariably ex- 
pensive to plow because of short furrows. 

Most fields are sufficiently large to make it advisable to 
do the plowing in strips, which are known as lands. This 
necessitates deciding the width of the strips to be plowed and 
the laying off of the field into lands. Unless each land has 


Fig. 87. PLAN THE PLOWING. 


In ‘“‘striking out a land,’’ that is, in plowing the furrows to mark out the strip, 
plow the furrows straight and exactly parallel. 


a uniform width throughout its length, difficulty will be en- 
countered, or at least time wasted, in completing the plowing, 
since the last few furrows of the land will not be continuous 
across the field. Consequently, in “striking out a land,” that 
is, in plowing the furrows to mark out the strips, plow the fur- 
rows straight and exactly parallel. Straight furrows are 
indicative of good plowing and can be obtained only when 
those made in laying out the lands are themselves straight. 
Where plowed in this manner, dead furrows and back furrows 
necessarily occur alternately across the field. In laying out 
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the field for the next plowing, locate the strips in such a way 
that the back furrows occur where the dead furrows occurred 
in the previous plowing. 

Do not plow when the soil is wet enough to be sticky. If 
the soil is too dry, the draft of the plow is increased and a 
heavy soil breaks up into clods. When heavy soils are ex- 
tremely dry, it may be found impossible to plow them with 


Fig. 88. PiLowine Prairie Sop. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


A sloping moldboard may be used in plowing sod, though only under special condi- 
tions should the long flat moldboard, which entirely inverts the sod, be used. 


the moldboard type of tractor plow. A soil may be either too 
wet or too dry for plowing. 

The angle of the furrow slice is an important factor in 
plowing. Although this may be influenced somewhat by the 
set or adjustment of the plow, it is largely dependent, in 
moldboard plows, on the type or slope of the moldboard. A 
sloping moldboard may be used in plowing sod, though only 
under special conditions should the long flat moldboard, which 
entirely inverts the sod, be used. A more sloping moldboard 
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is better for heavy soils than for friable or light ones. Use 
a plow that is adapted to the conditions encountered.’ 

To do a good job of plowing, the width of the furrow slice 
should be uniform. Its width will be determined by the size 
and set of the plow. One should never attempt to plow a 
wider furrow slice than the plow is made to handle; that is, 
do not adjust a 14-inch plow to cut a 15- or 16-inch furrow 


Fie. 89. Diskine a GReEN-Manvure Crop. (Agronomy Dept., Ill. Agr. 
Exp. Sta.) 


As far as possible, disk a green-manure crop prior to turning it under. 


slice, for if this is done the outer zone of the slice will not be 
broken loose. 

Little can be done after plowing in breaking up the lower 
part of the seed-bed. Consequently, unless the condition of 
the soil is especially favorable at the time of plowing, the 
bottom part of the inverted furrow slice will not be properly 
broken apart. The practice of disking stubble land before 
plowing has been found helpful in this respect. If the land 
is too stony for disking, use the spring-tooth harrow before 


3 See General Information at end of chapter for types of moldboard 
plows. 
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plowing. As far as possible, disk a green-manure crop prior 
to turning it under. 

B. Plow at the proper time. Plow when the soil contains 
the proper amount of water. With experience one readily 
learns the variation in moisture content of a given soil under 
which it can be plowed to advantage. A good way of testing 
a soil is to press a handful firmly together. If water can be 
forced out, it is too wet for plowing. Likewise, if a firm ball 
results from pressure, plowing should be delayed. When the 


Fia. 90. A WsLL-PREPARED SEED-BED ON FALL-PLOWED LAND. 


In sections where oats or wheat is grown as a spring crop, the plowing should be 
done in the fall if possible to facilitate early planting. 


compressed soil can be broken down into a mellow mass with 
the fingers, the moisture content is satisfactory. Sandy soils 
may be plowed with a relatively high- or low-moisture content, 
but clay soils have a narrower moisture range for plowing. 
In fall plowing in sections where soil freezes to the depth of 
plowing, a high-moisture content is not so objectionable since 
even a somewhat heavy soil is well granulated by freezing 
and thawing. 

Plowing is done in the spring or fall. Spring is the normal 
time for planting most farm crops. Seed-bed preparation most 
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commonly starts with spring plowing. Farmers appreciate 
the importance of beginning the field work early in the spring 
and start plowing just as soon as the weather and soil condi- 
tions permit. In some sections considerable land is plowed in 
the late fall, and even during the winter months in the southern 
states. Fall plowing is ordinarily an indication of good soil 
management. In sections where oats or wheat is grown as a 
spring crop, the plowing should be done in the fall if possible 
to facilitate early planting. Although it is not so essential to 
fall-plow for corn and cotton as it is for oats and spring wheat, 
nevertheless the farmer who succeeds in plowing a large acre- 
age in the fall is more certain of seeding the spring crops on 
time and in having a well-prepared seed-bed. 

Sod land should generally be fall-plowed. The roots and 
stubble decompose during the late fall and early spring, so that 
by midsummer large amounts of plant-food, particularly nitro- 
gen, become available for the growing crop, and good contact 
is reestablished between surface soil and subsoil. Where the 
topography is rough and the field subject to erosion, leave the 
sod as a protection over winter; or, if fall plowing is necessary, 
leave strips wide enough to prevent erosion, and plow them 
in the spring. In the southern states, where soil organic 
matter decomposes during the winter months, considerable 
nitrogen may be lost in the form of nitrates if sod is turned 
under in the fall. It is good practice never to have land bare 
through the winter months in sections where the surface does 
not remain frozen. Under such conditions, seed a winter cover 
crop on any land plowed in the fall. 

In dry climates, fall plowing is beneficial in furnishing an 
increased water supply for the spring-seeded crops. It also 
aids in the control of certain insect pests and may be em- 
ployed to advantage in weed eradication. Furthermore, where 
plowing is done with horses, they are in better condition in 
the fall than in the early spring. It is seldom that some fall 
plowing cannot be justified. 
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Do not fall-plow heavy clay soils that are subject to pud- 
dling. Late fall and early spring rains will pack and puddle 
the soil to such an extent that replowing may be necessary 
in the spring before a satisfactory seed-bed can be prepared. 
In the North, where the winters are cold and the soil subject 
to freezing and thawing in the spring, heavier soils may be 
fall-plowed than in the South, where winter conditions are 
more favorable for puddling and little or no granulation occurs. 
In fact, in the northern states where clay and clay-loam soils 
are well supplied with organic matter and not subject to 
puddling, fall plowing has invariably been found good 
practice.* 

Spring plowing becomes of relatively greater importance 
where the winters are mild and the soil subject to constant 
leaching or where erosion or puddling may become serious on 
fall-plowed land. Livestock farmers frequently follow the 
practice of applying fresh manure to the corn ground during 
the winter months. Where it has been found best to plow 
this manure into the soil, it becomes necessary to leave the 
corn ground unplowed until spring. Where a clover or alfalfa 
sod is to be plowed for corn, potatoes, or some other cultivated 
crop, spring plowing may be justified on the ground that these 
legume crops make sufficient early growth prior to plowing 
to furnish worth-while amounts of nitrogen and organic 
matter. 

In choosing between spring and fall plowing, consider all 
these factors from the standpoint of the individual farm. 
Determine the practices of the more successful farmers of the 
community. Plan to do some fall plowing unless conditions 
are such that spring plowing is definitely preferable. If land 
is plowed in the fall, leave it over winter in the rough, that 
is, unharrowed until spring. It will be less subject to erosion 
and more capable of maximum moisture absorption. Snow 
will be held more efficiently and the maximum benefit from 
freezing and thawing secured. Nothing is to be gained by 

4See Chapter I, Soil Granulation. 
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harrowing or dragging fall-plowed land until the following 
spring, unless a fall application of lime is made, and then the 
lime should be worked into the topsoil immediately after 
application. 

For winter grain, such as wheat, plow as early as possible. 
A firm seed-bed has been found most essential for this crop. 
When the plowing is necessarily delayed, the field should be 
thoroughly rolled several times with some type of corrugated 
roller before the crop is seeded. Winter injury to wheat will 
be reduced if it is seeded on a well-compacted seed-bed. 

C. Plow to the proper depth. Six to 8 inches is a good 
depth for plowing. For some crops, such as wheat and rye, 
5 to 6 inches may be sufficient; for others, such as potatoes, 
when soil conditions are right, plowing to a depth of 9 or 
10 inches may be justified. In sections of low rainfall, land 
may be plowed deeper than in the humid regions. Plowing 
to a depth of 12 to 14 inches is advocated in certain of the 
western states. In the East and South, 6 to 7 inches is a 
common depth of plowing; in the prairie soils of the Central 
West, fully 7 inches is desirable for corn. 

A great many factors influence the depth of plowing. A 
deep seed-bed is desirable for most crops. True surface soils 
are generally less than a foot and frequently not more than 
6 to 8 inches deep. As a rule, plowing should be confined to 
the surface soil. Where the surface has a depth of less than 
7 inches, it is necessary to plow into the subsoil if a 7-inch 
seed-bed is required. When this is done, the depth should 
be increased gradually, for if any material amount of “raw” 
subsoil is thrown up in a single season, crop injury will result. 

Subsoil plowing consists of loosening up the subsoil to a 
depth of 6 to 10 inches without throwing it to the surface. 
The subsoil plow follows in the furrow back of the regular 
breaking plow. Dynamite is sometimes used for breaking up 
impervious subsoils. Subsoil tillage, though often beneficial, 
is seldom profitable. It is not a practice to be followed except 
in special sections of the semi-arid West. 
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The depth of plowing should be varied somewhat from 
year to year. The moldboard plow tends to compact the soil 
at the bottom of the furrow as does the pressure from the 
horses’ feet or tractor wheel. Such a compact layer is known 
as a plow-sole, and may become so compact as to interfere 
with the movement of soil water. 

All crops do not have the same requirement for depth of 


Fig. 91. Insury Causep By DrEepr PLowina. 


If any material amount of ‘‘raw’’ subsoil is thrown up in a single season, crop injury 
will result. 


seed-bed. Corn, for example, does best when the seed-bed is 
deep and mellow, whereas the small grains, particularly winter 
wheat, need a relatively shallow but firm seed-bed. Conse- 
quently, one should plow to the depth best suited to the crop 
to be planted. 

Another important factor in determining the depth to plow 
is the cost. For every additional inch of depth there is a 
rapid increase in the amount of power required for plowing. 
Irrespective of the source of power, increased depth means 
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additional expense. Consider this factor before deciding on a 
depth in excess of 7 inches. 

Except in dry sections, 7-inch plowing gives satisfactory 
results. Occasionally 8 inches may be justified, and sometimes 
6 inches will suffice. It is well to take a ruler and actually 
measure the depth of the furrow when starting to plow. Make 
the measurement on the unplowed side, called the land side, of 


Fie. 92. Purnxinae Cornstatks. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


Cornstalks and cotton stalks, as well as straw, are often burned in the field. This 
wasteful practice, favoring soil depletion, can be justified only when necessary for 
the control of disease or insect pests. 


the furrow. The depth of plowing invariably seems greater 
than it proves to be on measuring, and in practice it is more 
often too shallow than too deep. 

D. Plow under organic matter. It is by means of plowing 
that additional organic matter is incorporated with the soil. 
Farm manure, green-manure crops, sods, stubble, weeds, and 
crop residues, such as straw, corn stover, cotton stalks, and 
the like, are the materials used for replenishing the soil supply 
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of organic matter. Unfortunately because of the difficulty 
of plowing them under, cornstalks and cotton stalks, as well 
as straw, are often burned in the field. This wasteful practice, 
favoring soil depletion, can be justified only when necessary 
for the control of disease or insect pests. An excellent means 
of control of the corn borer, so troublesome in many sections, 
is the plowing under of the stalks or the stubble in the fall. 
Where a heavy growth of weeds or of a green-manure crop 
is to be turned under, use a drag chain on the plow to facilitate 


Fig. 93. PLowING UNDER GREEN MANURE. 


When organic matter is plowed under, do not turn the furrow slice completely over. 


covering the plants. In the grain section, use a straw dis- 
tributor for returning the residue of the small-grain crops. In 
livestock sections, utilize straw as feed and bedding in order 
that it may be returned to the soil in the farm manure. Corn 
stover, as well as straw, should be utilized as feed and bedding 
by livestock farmers. Grain farmers should return it directly 
to the land. Where cornstalks or cotton stalks are to be 
plowed under, a field stalk cutter can be used to advantage. 
When organic matter is plowed under, do not turn the 
furrow slice completely over. If this is done, the organic 
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matter forms a more or less continuous layer at the base of the 
seed-bed, which may interfere with the normal movement of 
the soil moisture during the cropping season. Edge up the 
furrows at a good angle, even though some of the organic 
material may not be completely covered. Plow organic mat- 
ter into, rather than under, the surface soil. 

E. Care for the plow. The plow, like other machinery of 
the farm, requires care. Although it is not so susceptible to 
depreciation from exposure as some other implements, it 
should not be left in the field from season to season. Keep 
the plowshare or point sharp at all times, and replace when 
worn.’ When the plow is not in use, apply heavy grease to all 
polished surfaces to prevent rusting. If this is done, the soil 
will not adhere to the plow when used again. The plow is then 
said to scour properly. Other tillage machinery is equally 
deserving of good care. Its life, as well as its efficiency, will 
be enhanced by giving it proper attention. 

Proper adjustment of the clevis, as well as of the jointer or 
the coulter, is essential. Care in this detail will not only 
improve the quality of the plowing but may materially lessen 
the draft of the plow and increase the ease with which the 
plowing can be done. Adjust the plow in accordance with 
specifications.® 


2. PREPARING THE SEED-BED 


Plowing does not produce a finished seed-bed. It merely 
prepares the soil for the tillage operations constituting real 
seed-bed preparation. The effectiveness of these operations is 
dependent to a large extent on how well the plowing has been 
done. 


5 See General Information at end of chapter for discussion of plow 


parts. 
6 See General Information at end of chapter for adjustment of plow 


parts. 
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Procedure: 
A. Harrow. 
B. Disk. 


C. Roll. 
D. Give the proper amount of preparation. 


A. Harrow. Harrowing or disking is generally the first 
operation in seed-bed preparation after the land is plowed. In 
spring plowing, 
harrow the land 
the same day it is 
plowed. If the 
plowed soil is per- 
mitted to dry with- 
out being har- 
rowed, it may be 
necessary to wait 
for a rain before 
effective harrowing 
can be done. In 
dry sections where 
the prevention of 

Harrowing or disking is generally the first operation wind erosion is a 
in seed-bed preparation after the land is plowed. problem, seed-bed 

preparation should 
be delayed until just before planting. Proper moisture content 
of the soil is as essential in fitting the seed-bed as it is for 
good plowing. Never work the soil when it is wet, particularly 
if it has a high clay content.? 

Two harrowings are generally necessary. Less prepara- 
tion should be given in arid than in humid sections on account 
of injury by wind erosion. Where the seed-bed preparation is 
done entirely with the spring-tooth and drag-type of harrows, 
go over the plowed land at least three times. Harrow cross- 


Fia.94. Harrowine. (Agronomy Dept., N. Y. 
State Col. of Agr.) 


7See General Information at end of chapter for types of harrows, 
disks, and rollers. 
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wise of the furrows the’ first time over the field except where 
sod has been plowed down. Each additional harrowing should 
be crosswise of the previous one. If soils are very stony in 
character, the spring-tooth harrow may prove not only the 
most efficient implement but also the only practical one to use 
in the preparation of the seed-bed. It is seldom, however, that 
some other implement cannot be used to advantage. In fact, 
it is unusual to find a really good seed-bed resulting from 
harrowing alone. 


Fie. 95. Disxina. (International Harvester Co.) 


The disk is of great value in working up fall-plowed land in the spring. 


B. Disk. The disk is a most valuable implement for fitting 
soils. It should be run with, and not crosswise of, the furrows. 
It cuts down well into the plowed soil and is most effective 
in fining the soil to a depth of several inches. It is adapted 
to both heavy and light soils, but its use is less effective where 
the surface soil is stony. When combined with one of the 
common types of tooth harrows, the disk does very efficient 
work. Frequently a satisfactory seed-bed can be prepared by 
disking the land several times instead of plowing. This prac- 
tice is particularly successful where a fall-seeded crop, such 
as wheat, follows a cultivated crop, such as corn, potatoes, or 
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beans. If the soil is naturally friable in character and free 
from stone, a satisfactory seed-bed may be prepared for most 
crops by disking instead of plowing. The heavy tractor disk 
facilitates seed-bed preparation without plowing. Where 
manure is plowed under for corn, and the oat ground seeded 
down, fewer weeds will appear in the hay crop if the land is 
disked for oats because the manure and any weed seed which it 
contains remain covered. 

_ The disk is of great value in working up fall-plowed land 
in the spring. Fall plowing would be impracticable on some 
soils unless a disk could be used for seed-bed preparation in 
the spring. It is also useful in working over a cover crop prior 
to plowing it under as green manure. The disk is a most 
satisfactory implement to use in loosening the topsoil before 
plowing in order to give proper preparation to the lower section 
of the seed-bed. Few farms can afford to do without this 
modern tillage implement. 

C. Roll. Both the disk and the tooth: harrows tend to 
loosen rather than compact the seed-bed. Some means must 
be provided for firming the plowed soil, especially if it is sandy 
in character. Land that is fall-plowed settles during the winter 
and early spring, resulting in a firm seed-bed; but if land is 
plowed just prior to planting, it should be rolled thoroughly 
to firm the soil. Though of value in this particular, rolling 
can never equal fall plowing in producing a firm seed-bed. 

Use a corrugated-type roller such as the cultipacker in 
preference to the smooth-type roller. The seed-bed will be 
firmed, and at the same time the surface will be left in a fairly 
loose condition, and as a result a crust will be less likely to 
form on the surface. The practice of rolling immediately 
after the seeding of the small-grain crops is desirable in many 
sections, but injury sometimes results to both the grain and 
the accompanying grass crop where a smooth roller is used 
and weather conditions are favorable to the formation of a 
crust. This objection to the smooth roller may be overcome 
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by following it with the drag harrow, but the additional 
operation adds to the expense. Where small grain is seeded 
during a dry season, or on very sandy soils, the rolling may 
facilitate germination owing to the rise of soil water in a 
well-rolled soil. 

Where mineral soils are subject to blowing, rolling may 
increase the injury, but with muck and peat soils rolling may 


Fig. 96. Rowiine wits a Cuttipacker. (International Harvester Co.) 


Use a corrugated-type roller such as the cultipacker in preference to the smooth 
type of roller. 


prevent the surface from drying and thereby reduce wind 
erosion. Meadows and permanent pastures should be rolled 
in the early spring when the soil is still soft if the plants have 
heaved as the result of alternate freezing and thawing. The 
roller, as well as the plank drag, is useful in breaking clods. 
When used in combination with the harrow and disk, it aids 
materially in developing the proper tilth of the seed-bed. 
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D. Give the proper amount of preparation. The amount 
of tillage necessary for the preparation of an adequate seed-bed 
will naturally vary under different circumstances. The char- 
acter of the soil is an important factor, as is also the degree 
of infestation of weeds and the susceptibility of the soil to 
wind erosion. A single harrowing of a friable sandy loam 
may be more effective than several workings of a clay soil. 


Fig. 97. A WrEtL-PREPARED SEED-BEpD. (Agronomy Dept., Ill. Agr. Exp. 
Sta.) 


If time will permit, go over the plowed field three to four times before planting. 


Besides texture and weed control, the moisture and organic- 
matter content of the soil are also influencing factors, and 
stones occurring in large numbers in the surface soil may 
interfere with efficient seed-bed preparation. If time permits, 
any reasonable amount of labor necessary for the development 
of a first-class seed-bed free from weeds is justified. It has 
been aptly said that the best time to cultivate a crop is before 
it is planted. It is certainly true that no amount of cultivation 
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given the growing crop will entirely make up for a poorly 
prepared seed-bed. 

In practical field-crop production, economy in seed-bed 
preparation, as in the other operations, is essential. Though 
a poorly prepared seed-bed cannot be justified on the grounds 
of economy, nevertheless labor should not be expended after 
the soil is in satisfactory condition to receive the seed. Effi- 


Fig. 98. PREPARING THE SEED-BED. (International Harvester Co.) 


Satisfactory seed-beds have been secured by combining the double disk and double 
cultipacker. 


ciency should be secured through the choice of the proper 
implements and by making certain that they are used ef- 
fectively. 

With a friable, sandy-loam soil, two harrowings may pro- 
duce a fair seed-bed. In addition, rolling is desirable and 
should prove profitable. Even under the most favorable con- 
ditions, the minimum preparation would be two harrowings. 
Going over the field once with a double disk, followed by a 
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smoothing harrow, will sometimes put the soil in fair condi- 
tion for seeding. More often, even if disked, the soil needs 
two harrowings. If time will permit, go over the plowed 
field three or four times before planting. First disk, then 
roll, and finally harrow at least once and preferably twice. 
If a tractor is used, the harrow may be hitched on behind the 
disk for the first operation and then back of the roller the 
second time, so that twice over the field will give the four 
operations. Satisfactory seed-beds have been secured by com- 
bining the double disk and double cultipacker. Most tractors 
will handle the two implements satisfactorily on level land. 

After all, judgment and experience must largely be de- 
pended upon in determining the amount of time that should 
be expended in the preparation of the seed-bed. For best 
results crops should be seeded on time. The date of planting 
cannot be delayed too long in order to secure a perfect seed- 
bed. There is a point beyond which additional expense in 
soil preparation will not return a profit. Although it is true, 
then, that a good seed-bed is essential for the normal develop- 
ment of the crop and that the final yield will be largely 
dependent on the nourishment secured from the plowed soil, 
nevertheless there is a limit beyond which seed-bed prepara- 
tion becomes impracticable. 


3. CULTIVATING THE CROP 


Such crops as small grain and hay are seeded so thickly 
on the land that tillage after planting is not normally required. 
When a good stand is secured, weeds are effectively crowded 
out. In fact, thorough cultivation is impracticable because 
of possible injury to the crop itself. Other crops, such as 
corn, cotton, and potatoes, are grown in rows several feet 
apart. They are known as hoed or cultivated crops. The soil 
between the rows in the early stages of crop growth must be 
kept stirred in order to keep down weeds, and, in dry climates 
at least, to conserve soil moisture. Tilling between the rows 
is commonly spoken of as cultivation. 
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Procedure: 


A. Cultivate to kill weeds. 
B. Practice shallow and level cultivation. 
C. Determine frequency of cultivation. 


A. Cultivate to kill weeds. The primary purpose of culti- 
vation is to kill weeds. When permitted to grow, weeds 
compete with the crop for food, water, and sunlight. Few 


Fig. 99. Cuxutivatina Corn. (Farm Mechanics Dept., Ill. Agr. Exp. Sta.) 


The primary purpose of cultivation is to kill weeds. 


soils are sufficiently fertile to supply an adequate amount of 
plant-food for the maximum growth of crops, even when weeds 
are not competing for the available supply. Neither is the 
moisture supply sufficient throughout the season for both crop 
and weeds. With slow-growing crops, weeds may cause serious 
injury and in fact crop failure, because of shading. The 
successful production of practically all crops necessitates ade- 
quate weed control.§ 


8 See Chapter II for essentials of plant growth. 
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Even though much can be accomplished in the control of 
weeds through proper tillage before the crop is planted, there 
is always need for additional attention soon after planting. 
Needless to say, the best time to kill weeds is while they are 
small. It has been found practicable to harrow corn, potatoes, 
soybeans, and some other rowed crops with a drag harrow or 
weeder until they are several inches high. During this early 
stage of growth, little injury is done to the plants, but many 
weeds less securely anchored in the soil are destroyed. 

When the crops reach a height of several inches and the 
rows are easily discernible, the row cultivator should be 
used.® With it, weeds can be kept down between the rows. 
Where crops are produced intensively, the removal of weeds 
from the row by hand hoeing, or pulling, is often practicable. 
In the field production of crops, these weeds can be partly kept 
down by adjusting the cultivator so that a small amount of 
soil will be thrown to the row from either side. In “chopping,” 
that is, thinning, young cotton with a hoe, some weeds that 
have started in the row are killed. By planting such crops as 
corn and potatoes in hills, cultivation can be done in both 
directions, and weeds can be more economically controlled than 
where these crops are planted in rows. 

The secret of successful cultivation is never to permit 
weeds to get a good start. Where practicable, give the weed 
seed an opportunity to germinate in the surface of the plowed 
soil before completing the preparation of the seed-bed, then 
destroy the young weeds by disking or harrowing. Go over 
the field once or twice with a weeder or drag harrow with 
the teeth set back at an angle of 15 to 30 degrees. If a crust 
should form before the crop is up, a light harrowing of this 
kind will break the crust and enable the young plant to push 
through the surface. When this preliminary tillage is effi- 
ciently done, weeds can be more easily controlled through row 
cultivation. 


See General Information at end of chapter for types of cultivators. 
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It was thought at one time that the conservation of soil 
moisture was the chief benefit of cultivation. Now it is gen- 
erally conceded that moisture conservation is of secondary 
importance to the destruction of weeds. The value of the soil 
mulch was greatly exaggerated for a number of years. While 
it lessens the evaporation of soil water, it also lessens the 
amount of surface soil available for the development of plant 
roots. It is in the drier climates that the soil mulch is most 
beneficial. It has also been found that water conservation by 
means of stirring the surface is more essential with a clay or 
clay-loam soil than with one of lighter texture. Likewise, a 
high organic-matter content of the surface soil will act as a 
natural mulch, and reduce the necessity of cultivation as a 
means of conserving moisture. 

The value of tillage in general as a means of water con- 
servation is not dependent primarily on the maintenance of a 
soil mulch by cultivation. Nevertheless, the control of weeds 
requires the stirring of the topsoil; and, even though under 
some conditions the expense incurred could not be justified 
from the standpoint of moisture conservation, this is a sec- 
ondary benefit of cultivation which should not be overlooked. 
In sections of moderately heavy rainfall during the summer 
months, cultivation should be no more frequent and no deeper 
than necessary for the control of weeds. 

B. Practice shallow and level cultivation. Level cultiva- 
tion to a shallow depth gives best results except in very dry 
’ sections. Corn grown on black prairie soils yields more if 
the weeds are hoed out than if the crop is thoroughly cultivated 
to a depth of several inches. This does not mean that hand 
hoeing should replace cultivation, but rather that in cultivat- 
ing corn the soil should be stirred no more deeply than is 
necessary to kill the weeds. 

The objection to deep cultivation is that it reduces the 
area of surface soil in which the crop roots may develop. The 
plant-food is largely secured from the true surface soil, and 
to reduce the volume available to the root system cuts down 
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the food supply of the growing plant. Also, the roots develop 
to some extent in the upper soil between cultivations, and are 
injured, if not entirely cut off, by continued deep cultivation. 
It is less injurious to cultivate deeply when the crop is small 
than it is later in the season when the root system has ex- 
tended well out through the soil between the rows. Even in 
early cultivation, nothing will be gained by going deeper than 
is absolutely necessary to kill weeds. 


Fie. 100. A Werut-CuLtivatep Fretp or Corn. (Agronomy Dept., IIl. 
Agr. Exp. Sta.) 


Level cultivation to a shallow depth gives best results except in very dry sections. 


Level cultivation has become almost a universal practice 
within recent years. Ridging necessitates deep plowing be- 
tween the rows. Crops are seldom benefited by deepening the 
surface soil in the row at the expense of that between rows. 
A small amount of soil may be thrown to the row where 
necessary to cover weeds. In some soils ridging of potatoes 
is advisable. In general, however, practice level cultivation 
and under no conditions follow the old type of high ridging. 

C. Determine frequency of cultivation. The frequency 
of cultivation, like the depth, is dependent largely on weed 
control. The cultivation of field crops can seldom be justified, 
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except possibly in dry sections, unless necessary to kill weeds. 
At one time farmers were advised to cultivate after every rain 
and to continue cultivating as long as a horse could be driven 
between the rows. The soil-mulch idea was carried to such 
an extreme in some instances that old mowing-machine wheels 
and other cultivator substitutes were dragged between the 
rows of corn and cotton to produce what was frequently termed 
a dust mulch. Economy in field-crop production has empha- 
sized the necessity of abandoning unprofitable tillage opera- 
tions. Efficiency, rather than frequency, should be the 
objective in cultivation. If weeds are properly controlled 
prior to and immediately following planting, three cultivations 
will generally suffice. Seldom can more than four cultivations 
be justified for such crops as corn and cotton. Preliminary 
tillage operations should obviate any need for additional inter- 
tillage of the growing crop. 

The practice of rolling or harrowing small-grain and hay 
crops can well be considered a type of cultivation. Beneficial 
results often follow the rolling of winter wheat in the early 
spring, particularly where root injury has resulted from 
winter heaving. The corrugated type of roller should be used 
for spring-rolling of winter wheat. Solid plantings of certain 
crops such as soybeans should be harrowed once or twice after 
they have started growth. 

Where clover or alfalfa is seeded on wheat in the spring, 
it is a good practice to go over the field immediately afterward 
with a harrow or weeder. Clover and alfalfa fields, as well 
as permanent pastures, are frequently rolled in the early 
spring. The firming of the soil around the plants at this sea- 
son is beneficial. Old alfalfa fields are sometimes disked, 
but the opinion of better alfalfa growers is that the practice is 
unprofitable. 
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GENERAL INFORMATION 
1. Benerits or TILLAGE 


The benefits of tillage may be summed up as follows: 

(1) It produces a favorable tilth or soil structure for the 
development of roots, thereby increasing the available feeding 
area for the plant. 

(2) It improves the aeration of the soil, resulting in in- 
creased bacterial and chemical activity which in turn increases 
the amount of available plant-food in the soil. 

(3) It conserves moisture by reducing surface runoff, 
lessens evaporation of water from the surface, and reduces the 
actual water requirement of the plant on the basis of dry 
matter produced. 

(4) It kills weeds and thereby conserves both plant-food 
and water for the plants. 

(5) It helps in the control of certain insects and plant 
diseases. 

(6) It makes possible the incorporation of organic matter 
with the soil. 

(7) It puts the soil into condition for receiving the seed. 
As a result of rolling, moisture may rise from below in suffi- 
cient amounts to germinate the seed promptly after planting. 

(8) Rolling of hay and pasture sods, as well as of winter 
grain, in the early spring reduces winter injury. 


2. TILLAGE IMPLEMENTS 


A. Types of plows. The modern plow is the result of slow 
development through the generations from the forked stick 
of the ancient farmer. Wooden plows were in universal use 
prior to and immediately following the Revolutionary War. 
They were protected to some extent by strips of iron nailed 
to the parts most subject to wear. Cast-iron plows were first 
made in the later years of the eighteenth century, but it was 
not until well into the last century that the metal plow was 
used extensively. 
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The modern steel plow with its replaceable parts was de- 
veloped about the time of the Civil War. The wooden as well 
as the metal plows were of the moldboard type. From them, 
the modern moldboard plow was evolved. Today it is in 
almost universal use throughout the country whether in the 
form of the one-, two-, or three-horse plow, or combined into 


A 
mm 


Fig. 101. Fig. 102. 


Fig. 101. Pruow Parts. 


a. gauge wheel b. hitch clevis c. beam clevis 
d. bridle e. beam f. point 

g. share h. jointer 2. shin 

j. landslide k. moldboard l. heel 

m. standard n. brace rod o. handle 


Fie. 102. CrumBiing Errecr or Moupsoarp Piows. (After King.) 


The effectiveness of the moldboard plow depends on the slope or curve of the mold- 
board. As the furrow slice slides up the curved moldboard, it tends to separate into thin 
layers. Note breaking of pin—1, 2, and 3. 


four-horse gangs, or even larger tractor gangs. The walking 
plow is still in common use in many sections, though the sulky 
or riding plow has become very popular. The tractor is being 
used more extensively each season as a source of power for 
plowing. 

The moldboard plow has five essential parts: (1) the share, 
or point, which cuts the furrow slice from the soil below; (2) 
the moldboard, which lifts and partly inverts the furrow slice, 
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pulverizing it to some extent at the same time; (3) the land- 
slide, which follows along the vertical edge of the furrow and 
holds the plow in place; (4) the beam, to which the plow 
proper is attached by means of a standard and to which the 
handles are fastened at the rear; and (5) the clevis, or hitch, 
attached to the front end of the beam, which can be so adjusted 
as to vary both the width and thickness of the furrow slice. 
For the plow to do its most effective work, either a jointer or 
a coulter should be attached to the plow beam for cutting the 
upper edge of the furrow slice or for loosening somewhat the 
upper soil before it is turned under. The jointer is in reality 
a small plow, while the coulter is a knife or a rotary disk which 
cuts through the soil to the depth of an inch or more. These 
plow parts are shown in Fig. 101. Either the coulter or the 
jointer should be used in plowing sod. In stony soil the 
jointer is the better; under other conditions the coulter is in 
more common use. Sometimes they are used together, the 
coulter being attached to the beam in front of the jointer. 
The use of the jointer is desirable also in plowing stubble 
land. 

The effectiveness of the moldboard plow depends on the 
slope or curve of the moldboard. As the furrow slice slides up 
the curved moldboard, 
it tends to separate into 
thin layers. The break- 

Stubble General Purpose Sod ing or crumbling effect 
Fic. 108. Tourer Main Types or Mo.p- is illustrated by Fig. 
BOARD PLows. 102; it can also be 


There are three main types of moldboard plows: clearly demonstrated 


stubble plow, general-purpose plow, and sod plow. by bending the leaves 
The first is sometimes called a fallowland plow, and 
the third a breaking or a turf plow. of a book to conform 


to the curve of a mold- 

board. Obviously, the steeper the moldboard the greater is 
the crumbling effect on the furrow slice. 

There are three main types of moldboard plows: (1) the 

stubble plow, (2) the general-purpose plow, and (3) the sod 
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4 8 
Fic. 104. Types or Prows. (International Harvester Co.) 
1. Walking plow. 5. Two-way plow. 
2. Gang plow. 6. Prairie breaker. 
3. Disk plow. 7. Middle buster. 
4, Swivel plow. 8. Subsoil plow. 
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plow. The first is sometimes called a fallowland plow, and 
the third, a breaking or turf plow. The difference, as can be 
seen in Fig. 103, is the shape of the moldboard. The lister and 
middle buster (Fig. 104), having double moldboards which 
open up a dead furrow, might be considered a fourth type. 
The lister is used in the West when planting is done in the de- 
pressions between backfurrows, and the middle buster in the 
South where crops such as cotton are frequently planted on 
narrow parallel beds. The prairie breaker (Figs. 88 and 104) 
is a sod plow with an extremely long, sloping moldboard that 
completely inverts the furrow slice. 

Good plowing necessitates the selection of a plow adapted 
to the conditions at hand. The general-purpose plow is most 
extensively used for break- 
ing land, though it should be 
replaced by either the sod or 
the stubble plow under con- 
ditions where they would be 
more effective. The sod 
plow, with its longer and less 
sloping moldboard, is best 
adapted, as the name im- 
plies, to the plowing of sod 
ground. It should not be 
Fic. 105. Apsustment oF WHEEL ysed except where consider- 

CouLTER. able vegetation is to be 
sain cone tears mrs eet” plowed onder @Uhuueaay 
can be efficiently plowed 
with the general-purpose type. For heavy soils a steep mold- 
board should be used as far as possible, since it has a greater 
crumbling effect. If it becomes necessary to plow a soil when 
wet, the more sloping moldboard is preferable because it will 
puddle the soil less. 

In plowing hillside fields, the slope may be so steep that 
the furrow slices cannot be thrown uphill. The draft would 
be too great for uphill and downhill plowing, and dead furrows 
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left by such plowing might be the cause of serious gully ero- 
sion. The hillside plow has been devised for such conditions. 


Fig. 106. Tyres or Harrows. 


1. Smooth disk. 4. Spring-tooth harrow. 
2. Cutaway disk. 5. Acme harrow. 
3. Smoothing or spike-tooth harrow. 6. Weeder. 


(1, 3, 4, and 6, International Harvester Co.) 
(2, The Cutaway Harrow Co.) 
(5, Nash-Acme Harrow Co.) 


It is so constructed that the furrow slice can be thrown in 
either direction, and consequently, by starting at the lower 
side of a sloping field, all furrow slices are thrown downhill, 
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and dead furrows and backfurrows are obviated. Where 
slopes are not too steep, furrows should be thrown uphill rather 
than downhill. With such an implement, contour plowing 
may be done most effectively. It is also well adapted to the 
plowing of small, irregularly shaped fields. 

There are two distinct types of hillside plows, or plows 
with which furrows may be opened up either:to the right or 


2 4 


Fig. 107. Types or ROLLERS AND Drags. 


1. Smooth roller. 3. Crowfoot roller. 
2. Cultipacker. 4. Plank drag. 

(1 and 3, Agronomy Dept., Ill. Agr. Exp. Sta.) 

(2, International Harvester Co.) 


to the left. The reversible or swivel plow is so constructed 
that the moldboard can be shifted from side to side. The 
other type, known as the two-way plow, consists of two plows, 
one throwing the furrow slice to the right and the other to 
the left, mounted on a single frame and each capable of being 
raised or lowered. By alternating the two plows, furrow slices 
may be thrown in one direction. 
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The disk plow is not in common use. It is best adapted 
to soils in which the moldboard plow will not scour properly. 
It cannot be used advantageously in a stony soil. Its use is, 


2 4 


Fig. 108. Types or Cuurivators. (International Harvester Co.) 


1. Shovel cultivator. 3. Disk cultivator. 
2. Blade cultivator. 4. Tooth cultivator. 


and should be, restricted to soil conditions in which the mold- 
board plow is ineffective. 

The subsoil plow consists of a metal shoe fastened to the 
end of a strong bar extending down from a horizontal beam. 
In subsoiling this shoe is forced into the subsoil and pulled 
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through it at a depth of 12 to 18 inches below the surface of 
the ground. (See Fig. 104.) 

B. Adjustment of plow parts. Various adjustments must 
be made if effective plowing is to be accomplished. First, the 
proper hitch to the clevis must be made. This will vary with 
the depth of plowing: the deeper the plowing the higher 
should be the hitch. If a beam clevis is used, shift the hitch 
either to the right or to the left for adjusting the width of 
furrow slice. If a gauge wheel is used, adjust up or down 
to conform to the depth adjustment made in the clevis. If a 
jointer is used, adjust so it will cut 2 to 3 inches deep. A wheel 
coulter requires more exact adjustment. Clamp it to the beam 
so that the axis of the wheel will be about 3 inches to the rear 
of the plow point, for ordinary soil. One or 2 inches will 
suffice in sandy soil; in clay, the distance should be increased 
to 4 inches. (See Fig. 105.) Before clamping the coulter to 
the beam, adjust sidewise, allowing about 14 inch between it 
and the land side of the plow. For sod ground or for very 
deep plowing, reduce this distance to 144 or even % inch. 
(See Fig. 105.) 

C. Types of disks and harrows. The more common types 
of disks and harrows are shown in Fig. 106. The double, 
smooth-type disk and the spring-tooth and the drag or spike- 
tooth harrows are the types most extensively used. The rotary 
hoe is gaining in popularity in many sections. 

D. Types of rollers and drags. Figure 107 includes the 
more common rollers and drags. The roller and the common 
plank drag have been found most excellent implements for 
compacting the seed-bed and for crushing clods. 

E. Types of cultivators. In Fig. 108 the common types of 
cultivators are illustrated. Shovels, knives, or disks are used 
for stirring the soil. The type that will kill weeds effectively 
without stirring the soil to any great depth will be found best. 
The effectiveness of the cultivator will depend on the character 
of the soil and, to some extent, on that of the crop as well. 
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COMMUNITY STUDIES 


1. Visit a field that is being plowed. See how the new lands are laid 
out. 

2. Determine the depth of plowing by measuring the land side of the 
furrow. Also determine the size of the plow by measuring the width of 
the furrow slice. 

3. Estimate the proportion of plowing done in the fall. For what 
crops is fall plowing most commonly practiced? 

4, Examine several plows used in the community. Name the different 
parts. Determine by the shape of moldboard the type of each plow 
examined. 

5. Ascertain the types of harrows used in the community. Which 
type do you consider most effective in seed-bed preparation? 

6. What type of roller is used most extensively? For what purposes 
is it used? Is it the best type for the local soil conditions? Why? 

7. Visit a corn, cotton, or potato field. Has level or ridged cultivation 
been practiced? Determine the type of cultivator used. Measure the 
depth of the cultivated soil. Have the weeds been controlled? Can 
you find any evidence of root-pruning? Secure information as to the 
number of cultivations given each of the hoed crops. 


PROBLEM 


1. Calculate the acres that would be plowed in a 10-hour day with 
a two-bottom, 14-inch gang plow, operated at an average speed of 3 
miles an hour. (There are 438,560 square feet in an acre.) 
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CHAPTER V 
MANURING 


Animal manure is the most valuable by-product of the 
farm. It is in reality a farm-produced fertilizer of tremendous 
importance. Ordinary farm manure is made up of bedding, 
dung, and urine. In composition it may be classed as a 


Fie. 109. A Concrete Manure Pr. 


Animal manure is the most valuable by-product of the farm. 


complete fertilizer since it contains nitrogen, phosphorus, and 
potassium. However, it is not well balanced, being low in 
phosphorus. Therefore, its application should be supplemented 
with a phosphatic material such as superphosphate. 


1See General Information at end of chapter for amounts of plant- 
food regained in farm manure. 
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More plant-food is supplied to soils by farm manure than 
by commercial fertilizers: If manure is exposed to the weather 
in piles, plant-food is leached away at a rapid rate, and owing 
to decomposition organic matter is destroyed. This loss should 
be reduced through proper storage or by applying the manure 
directly to the field. 


Operations: 
1. Applying manure properly. 
2. Conserving the manure supply. 
3. Manuring different crops. 
4. Calculating the amount produced and its value. 


1. Appuyinc Manure PROPERLY 


Some crops are benefited more by manure than others. Light 
applications are relatively more effective than heavy ones. 
It is essential that the material be applied evenly, for which 
purpose a manure spreader is usually required. For the 
efficient utilization of this most valuable by-product of the 
farm, use a phosphatic fertilizer material in addition to 
manure, conserve the plant-food constituents, and apply 
properly for the right crop.? 


Procedure: 
A. Apply with manure spreader. 


B. Apply superphosphate or rock phosphate with manure. 
C. Utilize manure advantageously. 


A. Apply with manure spreader. A spreader is essential 
for the efficient application of manure. With a fork it is al- 
most impossible to apply evenly less than 10 tons to the acre; 
whereas the manure spreader tears the manure apart and 
distributes it uniformly at as light a rate as 4 to 6 tons to 


2See General Information at end of chapter for discussion of benefits 
of manure. 
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the acre. By distributing manure with a spreader, greater 
benefit will be secured. Every farm on which livestock is kept 
should have a manure spreader. 

To get the best returns from farm manure, light uniform 
applications should 
be made. Frequent 
light applications 
are more effective 
than heavy ones 
made at less fre- 
quent intervals. 
The practice, still 
followed on some 
farms, of applying 

4 15, 20, and some- 

Fre. 110. SpreapiInc MANURE WITH SPREADER. times 30 tons to 
(Agronomy Dept., N. Y. State Col. of Agr.) the sorecsiouicnne 
A spreader is essential for the efficient application changed. Apply 


of manure. 

10, 8, or even as 
little as 6 tons to the acre at a time, and when possible make 
the application with a spreader. — 

B. Apply superphosphate or rock phosphate with manure. 
The mistake is often made of applying a mixed fertilizer for 
a grain or hay crop that is being manured. The need of 
applying a phosphatic fertilizer material,* such as superphos- 
phate or rock phosphate, with manure instead of a complete 
fertilizer is indicated by the difference in the composition of 
manure and of a complete fertilizer. An average ton of 
mixed farm manure contains 10 pounds of nitrogen, 5 pounds 
of phosphoric acid, and 10 pounds of potash. A hundred 


3 See General Information at end of chapter for experimental results 
with different rates of application. 

4See Chapter VII for explanation of terms complete fertilizer and 
fertilizer material. 

5See General Information at end of chapter for composition of ma- 
nure from various kinds of animals. 
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pounds of a complete fertilizer of the composition frequently 
applied for the grain crops contains 2 pounds of nitrogen, 
12 pounds of phosphoric acid, and 2 pounds of potash. In a 
10-ton application of manure there are applied to the acre 
100 pounds of nitrogen, 50 pounds of phosphoric acid, and 
100 pounds of potash. It would require a 214-ton application 
of the complete fertilizer to furnish the nitrogen and potash 
supplied by 10 tons of manure. A little over 400 pounds of 
the fertilizer would supply 50 pounds of phosphoric acid, the 
amount in the 10 tons of the 
manure. The comparative 
composition of manure and 
this complete fertilizer is 
shown in Fig. 111. 

The value of superphos- 
phate in addition to manure 
is clearly shown by the results 
of an experiment at the Ohio 


Station. The application of | a 

320 pounds of superphosphate N 205 K,0 ec ae 

in addition to 8 tons of ma- oats feared earl 
Fie. 111. Composition or MAanuRE 


nure, for corn in a three-year 
AND OF MIXED FERTILIZER. 


rotation of corn, wheat, and 
clover, has produced an in- 
crease of approximately 10 
bushels of corn, 51% bushels 
of wheat, and 900 pounds of 
clover hay each rotation. At 
50 cents a bushel for corn, $1 


An average ton of mixed farm ma- 
nure contains 10 pounds of nitrogen, 5 
pounds of phosphoric acid, and 10 pounds 
of potash. A hundred pounds of a complete 
fertilizer of the composition frequently used 
for grain crops contains 2 pounds of nitro- 
gen, 12 pounds of phosphoric acid, and 2 
pounds of potash. 


a bushel for wheat, and $10 a ton for clover hay, the crop 
increase from each 320 pounds of superphosphate would be 
worth $15. In this case each ton of superphosphate has re- 
turned approximately $94 in crop increases. Tabulated results 
of this experiment are given in Table XVII. 

Treat farm manure with either superphosphate or rock 
phosphate. When treated with superphosphate, it is called 
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superphosphated manure. If the manure is applied at the 
rate of 8 to 10 tons to the acre, use 40 to 50 pounds of the 
phosphatic material with each ton of manure. Either it can be 
mixed with the manure in the stall or distributed over the load 
after it is in the manure spreader. When used in the stable, 
scatter 20 per cent superphosphate or rock phosphate in the 
stalls and gutters after they are cleaned, at the rate of 1 to 


Fig. 112. Spreapinc SUPERPHOSPHATE ON A LOAD OF MANURE. 
(Cooperative Grange League Federation Exchange.) 


The superphosphate can be either mixed with the manure in the stall or distributed 
over the load after it is in the manure spreader. 


2 pounds a day for each cow, and cover with bedding. Super- 
phosphate used in this way aids in producing sanitary condi- 
tions and acts as a preservative of the nitrogen. It should be 
used in preference to either lime or gypsum. When distributed 
over the load of manure, the superphosphate will be sufficiently 
mixed with manure in spreading. While it is best to apply 
rock phosphate mixed with manure, superphosphate may be 
drilled on manured soil at the time the crop is planted. One 
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ton of manure and 40 to 50 pounds of superphosphate will 
produce nearly the same increase in yield as 2 tons of manure.® 

In addition to the use of superphosphate, or of superphos- 
phate and manure, it is often desirable, especially with high- 
value crops, to apply a mixed fertilizer. Even with field corn 
and the small grain crops, a small amount of a mixed fertilizer 
applied in the row at time of planting will return a profit, 
although superphosphated manure has been previously worked 
into the soil. While the supplementing of superphosphated 
manure with a mixed fertilizer may often be justified, seldom, 
if ever, should mixed fertilizer replace superphosphate when 
manure is used. A good practice is to apply the recommended 
amount of phosphorus with the manure and to supply besides, 
as conditions warrant, other fertilization. 

C. Utilize manure advantageously. For best results apply 
manure evenly over the field, never in the row. For the 
cultivated crops, such as corn and cotton, apply before plow- 
ing. Where the land is fall-plowed for these crops, and the 
winter supply of manure used for them, the application must 
necessarily be made on the plowed land. The practice of 
piling the manure in the field until after spring plowing in 
order to apply it to the plowed land cannot be justified. For 
fall-seeded grain or grass, the manure may be applied advan- 
tageously as a top-dressing to the growing crop. If it is 
applied after the land is plowed there will be more weeds the 
first year, since the seed carried by the manure will be near 
the surface ready for germination and growth. There may be 
a slightly greater loss by leaching if the manure is applied 
prior to plowing. This loss, consisting largely of nitrogen, is 
not great, however, if the crop is planted promptly. Where 
soils are distinctly acid in character, the nitrogen may become 
available more slowly if the manure is plowed under, as condi- 
tions are unfavorable for nitrification. 


6 See General Information at end of chapter for experimental results 
from reinforcing manure with superphosphate and with rock phosphate. 


210 MANURING 


Manure is sometimes left in piles to rot in order that the 
weed seed which it contains may be killed. Such practice is 
extremely wasteful of both plant-food and organic matter and 
should not be tolerated on any well-managed farm. To secure 
the maximum benefit from manure, apply fresh, or store in a 
properly constructed pit or shed. As a rule, the more promptly 
it is spread on the land the greater will be the benefit received.’ 


2. CONSERVING THE MANURE SUPPLY 


Three chief causes of the loss of plant-food from manure 
are: (1) the direct loss of the liquid manure, (2) decomposi- 
tion, and (3) leaching. To secure the full fertilizing value of 
manure, these three sources of loss must be controlled. 


Procedure: 


A. Save the liquid manure. 

B. Do not expose the manure in piles. 
C. Store properly. 

D. Use a preservative. 

E. Haul directly to the field and spread. 
F. Utilize poultry manure. 


A. Save the liquid manure. Nearly half the plant-food 
of animal excrement is found in the liquid manure, which is 
particularly rich in both nitrogen and potash. The plant-food 
that it contains is in a readily available form and can be used 
almost immediately by the growing crops. The conservation 
of liquid manure is the first essential in the economic utiliza- 
tion of the farm supply of manure.’ 

The first requirement for the successful conservation of 
the liquid manure is a water-tight floor. Concrete is best, 


7™See General Information at end of Chapter VIII for directions for 
making artificial manure. 

8 See General Information at end of chapter for composition of liquid 
manure. 
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though a well-constructed board floor is satisfactory. Earth 
or clay floors have been’ shown to be inadequate for the con- 
servation of the liquid manure. 

A concrete cistern or pit may be used as storage for this 
liquid. However, liquid-manure cisterns have not been found 
practical on many farms. Instead, use an adequate amount of 
bedding to absorb the liquid. The efficiency with which the 
manure is saved will depend on the tightness of the floor and 


Fie. 113. A Werw.t-BeppEp Darry Barn. 


The first requirement for the successful conservation of the liquid manure is a 
water-tight floor. The efficiency with which the manure is saved will depend on the 
tightness of the floor and on the quality and amount of bedding used. 


on the quality and amount of bedding used. Straw is one of 
the best materials for bedding livestock. It is a good ab- 
sorbent and is considered a crop residue or a by-product on 
most farms. Other refuse material, such as cornstalks, buck- 
wheat hulls, and poor-quality hay, may be used as bedding. 
Cornstalks shredded so that the pith is exposed make an 
excellent absorbent. The resulting manure can readily be 
distributed with either a spreader or a fork.® 


9See General Information at end of chapter for composition of dif- 
ferent bedding materials. 
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The practice of using the dung from horses as an absorbent 
in the cow barn is often followed. It may be objectionable 
from the standpoint of sanitation, but if proper precaution 
is taken it need not be unsanitary. Place the horse manure 
in the gutters back of the cows after cleaning the stable, and 
cover promptly with straw or other clean bedding material. If 
a small amount of superphosphate is distributed on the horse 
dung after it has been placed in the gutter, odors will be con- 


Fie. 114. Manure Exposrp IN THE BARNLOT. 


If manure is exposed in piles, particularly under the eaves of the barn, there is 
a rapid loss not only of plant-food but also of the organic matter. 


trolled and the fertilizing value of the resulting manure greatly 
improved. 

When there is an insufficient supply of by-product bedding 
material, supplement it with shavings, sawdust or peanut 
hulls. These materials have satisfactory absorptive qualities; 
and, contrary to common belief, the manure containing sawdust 
or shavings is generally of approximately equal value to that in 
which straw or some other crop residue has been used as 
bedding. Although the composition of the bedding has its 
ultimate influence on the productivity of the soil, the effect on 
the value of each ton of manure depends more on its absorp- 
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tive quality than on its composition. Therefore arrange to use 
a liberal amount of some bedding material having high ab- 
sorptive qualities. The choice between materials will depend 
on conditions, but cost, absorptive qualities, and composition 
should be taken into consideration. 

B. Do not expose the manure in piles. If manure is ex- 
posed in piles, particularly under the eaves of the barn, there 
is a rapid loss not only of plant-food but also of the organic 
matter. The loss is due to the combined effect of decomposi- 
tion and leaching.?° 

Bacteria cause the decomposition of manure. In the 
process, organic matter is destroyed, and nitrogen is liberated 
and may be lost by volatilization in the form of ammonia gas, 
or by leaching in the form of soluble nitrogenous salts.1! The 
mineral plant-food content of the organic matter also becomes 
soluble as the manure decomposes, and it may be lost by 
leaching. The action of the beneficial bacteria of nitrification 
is necessary for the liberation of the plant-food content of the 
manure, but the action should take place after the manure is 
spread on the land, or when it is in proper storage, rather than 
when it is piled in the barnlot or in the field. 

The higher the temperature and the heavier the rainfall, 
the more rapid will be the loss from manure in an exposed pile. 
Consequently, it is less objectionable to expose manure in 
winter than in summer. Unfortunately, manure exposed 
during the winter cannot ordinarily be distributed until such 
a late date that it 1s subjected to severe leaching by spring 
rains. The loss is relatively less when the pile is properly 
shaped and well firmed, but is sufficiently rapid to constitute 
a tremendous loss of plant-food. 

If manure is thrown into the barnlot or otherwise exposed to 
the weather, the first big loss is due to the leaching out of 


10 See General Information at end of chapter for amounts of plant- 
food lost from exposed manure. 

11 See Chapter I for explanation of essentials of agricultural chem- 
istry. 
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the liquid manure and its replacement with rain water. Fresh 
manure from horses and cows contains 70 and 80 per cent, 
respectively, of moisture. This moisture has come largely 
from the animal, and is rich in nitrogen and potash. Better 
conservation of manure would result if farmers appreciated 
the fertilizing value of the liquid portion. 

As decomposition progresses in exposed piles of manure, 
phosphorus and potassium, as well as nitrogen, change to a 
soluble form and are subject to loss by leaching. It is this 


Fig. 115. Manure DISTRIBUTED IN PILEs. 


The practice of distributing manure over the field in small piles, to be left for several 
months before spreading, is very wasteful. 


combined action of decomposition and leaching that progresses 
undisturbed for months when manure is placed in exposed 
piles. Up to 50 per cent or more of the plant-food content 
of manure may be lost during five or six months of summer 
exposure. 

The practice of distributing manure over the field in small 
piles, to be left for several months before spreading, is equally 
wasteful. Both decomposition and leaching progress at a 
rapid rate. As a result there is an excessive accumulation 
of plant-food in the soil under the piles. Although the leaching 
may be more rapid when the manure is spread on the field, 
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the plant-food leaches into the surface soil of the whole field 
rather than in the restricted areas occupied by the piles. The 
plant-food which passes into the soil is largely fixed and held 
in the surface. The nitrogen will be carried down and out of 
the soil when the temperature is adequate for nitrification to 
take place. Where this happens, crops are generally planted 
and utilize this available nitrogen before any great amount 
leaches away. However, they are not able to make good use 
of the large accumulations in the areas where the manure has 
been applied in small piles. A large pile on the field or even 
in the barnlot is less wasteful than many small piles over the 
field. 

Considerable loss may result where manure is distributed 
over a field and left exposed to air and sunshine in warm, dry 
weather. Therefore, when practical, incorporate it with the 
soil by plowing or disking. Obviously, this cannot be done 
if a crop occupies the land, but experience shows that the top- 
dressing of grass land and of winter grain is a practical and 
efficient use of manure. Since most manure is applied during 
winter and spring months when the soil normally does not 
dry out, the manure remains moistened. However, in the 
North, the manure freezes, and as a result considerable loss 
of nitrogen takes place. To prevent excessive loss from 
manure, either provide proper storage or haul it to the field 
daily and spread, and when practical incorporate it with the 
soil without undue exposure. 

C. Store properly. Manure stored in a water-tight pit or 
in a covered shed is preserved with little loss. A covered shed 
with concrete floor and sides is best. It should be located so 
that the manure can be transported to it from the stable by 
means of a manure carrier, thus eliminating additional han- 
dling. Keep the manure compacted or thoroughly moistened 
when in storage. A good arrangement is to have the shed 
accessible to farm animals so that they will keep the manure 
tramped. 
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D. Use a preservative. If manure is stored, use a pre- 
servative with it. Superphosphate is the best material for 
this purpose. It has been found very effective in conserving 
nitrogen that might otherwise be lost as the result of vola- 
tilization as ammonia. At the same time it adds phosphorus, 
which is the deficient plant-food element in manure. Gypsum, 
like superphosphate, will conserve ammonia, but is inferior 
to it in that it adds no phosphorus. Rock phosphate supplies 
phosphorus and has a slight preservative effect when mixed 


Fig. 116. A Weui-Constructep Manure SHED. 


Manure stored in a water-tight pit or in a covered shed is preserved with little loss. 


with manure, but it is not so efficient a preservative as super- 
phosphate.” 

Another satisfactory way of using superphosphate as a 
preservative is to scatter it over the manure every few days as 
a new layer accumulates in the manure shed. Apply at the rate 
of 40 to 60 pounds of the 20 per cent grade to the ton of 
manure. If the manure is treated in this way, additional 
superphosphate need not be added to the crop manured. In 
fact, an 8- to 10-ton application of reinforced manure can be 


12 See Table XVII in General Information at end of chapter for Ohio 
results with treated manure. 
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counted on to produce good yields of grain and hay for a 
period of several years., Unless superphosphate or rock phos- 
phate is applied with the manure, it will be necessary, for 
the best results, to make a separate application of some 
phosphatic fertilizer material, preferably superphosphate. 

E. Haul directly to the field and spread. Throughout 
much of the year it is practicable to haul manure to the field 
from day to day as it is produced. Where this is done and 


Fig. 117. Usr SupERPHOSPHATE AS A PRESERVATIVE. 


Another satisfactory way of using superphosphate as a preservative is to scatter it 
over the manure every few days as a new layer accumulates in the manure shed. 


the manure spread immediately, there is little loss of plant- 
food, except when it dries before being leached by rain. Even 
though the fields are covered with snow, the manure may still 
be applied unless the snow becomes too deep to permit the use 
of the spreader. It should then be hauled to the field in a sled 
and spread with a fork. When applying with a fork there 
is a tendency to make too heavy an application. It is also 
difficult to distribute the manure uniformly with a fork. So 
long as the application is made to relatively level fields, the 
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loss will not be great even though applied to snow-covered, 
frozen ground. During the summer season there are periods 
when, because crops are growing on all the fields, there is no 
available place to apply the manure. It must either be put 
on pasture land or be held for a short period until a crop: is 
harvested. However, this 
does not become a serious 
problem since animals are 
generally on pasture at this 
season, and there is not 
much manure produced in 
the barn. A manure stor- 
age shed or pit of moderate 
size can be utilized to ad- 
vantage on most livestock 
farms even though the gen- 
eral practice is to haul the 
manure directly to the 
field. As far as possible, 
plan to spread the manure 
regularly as it is produced, 
thereby avoiding the neces- 
sity of storing over long 
periods. 


Throughout much of the year it is prac- F. Utilize poultry a 
ticable to haul manure to the field from day ure. Poultry manure is 
te day a 1 peste ie gt ricticr in Dent (ime 
there is little loss of plant-food. that from the larger ani- 

mals.1* This is due partly 

to the greater concentration of poultry rations, but largely to 

the lower water content of the manure. The supply should be 
carefully preserved and properly applied. 

Scatter sawdust or some other fine-textured bedding ma- 


terial on the dropping boards of the poultry house at the rate 


Fig. 118. Loap THE SPREADER AS 
MANURE IS REMOVED FROM THE STALLS. 


13 See Table VIII in General Information at end of chapter for com- 
position of poultry manure. 
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of approximately 4 pounds to each 10 pounds of manure. The 
sawdust absorbs the moisture and improves the mechanical 
condition of the manure. In this way lumping is prevented 
and greater ease of application is insured. 

When the manure is removed, which should be done fre- 
quently, mix about one pound of superphosphate with each 10 
pounds of manure or 14 pounds of manure and sawdust. An- 
other good method is to scatter the superphosphate on the 
dropping boards just prior to distributing the sawdust. Use 
at the rate of 2 to 
3 pounds daily to 
L00> hens: © The 
superphosphate ap- 
plied in this way 
has a double pur- 
pose: it prevents 
the less of am- 
monia, and it fur- 
nishes phosphoric 
acid which is the 
deficient plant-food 
in the manure. : 
Where the manure Fic. 119. Appiyiva Manure witH a Fork. 
is to be applied (Agronomy Dept., N. Y. State Col. of Agr.) 


for vegetables, or When applying with a fork there is a tendency to 
ae Fi Id make too heavy an application. It is also difficult to 
for or inary e€ distribute the manure uniformly. 


crops on soils low 
in potash, add, in addition to the superphosphate, 4% to % 
pound of muriate of potash to each 10 pounds of excrement. 
The practice, sometimes followed, of drying and pulveriz- 
ing poultry manure cannot be justified. The work is dis- 
agreeable and adds little to the fertilizing value of the product. 
The commercial dried and pulverized manures are entirely 
too expensive to use in field-crop production. For the treat- 
ment of lawns, small city gardens, and greenhouse soils, com- 
mercial manures can be used to advantage. Poultry manure 
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if thoroughly dried will produce fully as good results as 
commercial manures when applied at an equivalent rate. When 
a very light application is to be made for vegetables, apply 
in the row, but mix with the soil previous to the planting of 
the seed. Applications of 5 tons or more to the acre should 
be applied broadcast. 


3. MANURING DIFFERENT CROPS 


There is no one best crop for which to use manure. In prac- 
tice, manure will be applied for several different crops on 
most farms. The conditions under which the various crops 
should be manured must be understood.* 


Procedure: 


. Manure corn, cotton, and tobacco. 

. Determine whether or not to manure small grains. 

. Top-dress meadows and pastures with manure. 

. Determine whether alfalfa and clover need manure. 
. Manure vegetable crops. 

. Apply manure for fruit. 


co Mcs LO @ eel 


A. Manure corn, cotton, and tobacco. Corn needs a large 
amount of nitrogen. Its profitable production requires one of 
three conditions: (1) a soil well supplied with nitrogen, (2) 
a good sod plowed under, or (3) an application of farm 
manure. In fact, unless a heavy sod is being plowed under, 
an application of manure is essential for a profitable corn crop 
on any but the richer prairie soils. Even on these soils provi- 
sion must be made for the return of farm-produced organic 
matter and nitrogen, or yields will ultimately become un- 
profitable. Fertilizer nitrogen is too costly to be used in large 
amounts for field corn. 

Of the grain crops, corn responds best to farm manure. 


14 See General Information at end of chapter for residual effect of 
manure. 
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Apply 6 to 10 tons of manure to the acre for field corn except 
when grown on soil well supplied with organic matter or where 
a clover or alfalfa sod is plowed down. Even under these 
conditions corn will respond to manure, and there is little 
danger of supplying an excess of nitrogen for this crop. 
Cotton, like corn, has a high-nitrogen requirement. Be- 
cause little livestock is kept in the Cotton Belt and the animals 
are on pasture a large part of the year, the supply of manure 
is limited, and seldom is any available for cotton land. Con- 
sequently it is largely replaced by green-manure crops and 


Fic. 120. Corn on MANuRED LAnp. 


Unless a heavy sod is being plowed under, an application of manure is essential for a 
profitable corn crop on any but the richer prairie soils. 


commercial fertilizers high in nitrogen. Ordinarily cotton 
sells at a price that will return a profit from fertilizer nitrogen, 
differing in this respect from field corn. ~Where manure is 
available, apply at the rate of 10 tons to the acre for cotton. 

The cigar tobacco grown in the northern states responds to 
manure, but the cigarette and pipe tobacco produced in the 
South is injured in quality by manure unless the rate of ap- 
plication is very light. Apply manure at the rate of 10 to 15 
tons to the acre for the dark-colored cigar tobacco, but do not 
manure land that is to be used for bright tobacco. Avoid 
applying excessive amounts for the light-colored grades of 
tobacco used for cigar wrappers. 
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B. Determine whether or not to manure small grains. Of 
the small grains, wheat and barley respond best to manure. 
Their need for manure can be determined by the growth of 
straw, for if a sufficient growth of straw is obtained for a maxi- 
mum yield without manure, its use would tend to cause lodging. 
Under such conditions apply it for some other crop in the 
rotation. However, except on very rich soils, manure may 


Fig. 121. Apptyina ManurE To A Timotuy Mrapow. 


When timothy or other grass hay is left on the land for two years, it furnishes an 
excellent place for manure. 


be used for both wheat and barley. Of the two, wheat, be- 
cause of the less favorable place it commonly occupies in the 
rotation, is more in need of manure. When barley follows 
manured corn, do not apply additional manure for the barley. 

Winter wheat and barley, and in the South fall-seeded 
oats, can often be top-dressed to advantage with manure dur- 
ing the winter. This method of application will conserve the 
maximum amount of plant-food; it may to a certain extent 
reduce winter injury; and it will produce very favorable con- 
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ditions for clover and timothy. If a supply of manure is avail- 
able in the late summer,.and time permits, it may be plowed 
under for wheat, or applied after plowing and disked into the 
topsoil. 

Oats and rye are less in need of manure than corn and 
wheat. When following manured corn, the oat crop will be 
furnished sufficient nitrogen by the residual effect from the 
manure applied for the corn, and additional manure would be 
liable to cause serious lodging. Rye is capable of utilizing 
soil nitrogen most efficiently, as is also buckwheat. These 
crops are seldom manured. In the common four-year rotation 
of corn, oats, wheat, and hay, two light applications of manure 
could be made to advantage, one for corn and one for wheat.?® 

C. Top-dress meadows and pastures with manure. When 
timothy or other grass hay is left on the land for two years, it 
furnishes an excellent place for manure. Top-dress the second- 
year timothy with manure in preference to manuring the corn. 
The practice of leaving the land in grass hay for several years 
should be discouraged from the standpoint of soil improve- 
ment, for the soil becomes depleted unless the meadow is top- 
dressed with manure or with a commercial fertilizer high in 
nitrogen. However, if grass hay is left down for more than 
two years, it is essential that it be supplied with nitrogen 
from either manure or fertilizer. Manure may be applied to 
meadows any time during the winter or early spring. Dis- 
tribute it at a light rate with a spreader. Coarse manure is 
objectionable for top-dressing meadows because of the trash 
which is raked up with the hay. 

Permanent pastures may often be top-dressed advan- 
tageously with superphosphated manure. They offer an 
opportunity for the use of the summer-produced manure which 
cannot be applied to the cropped land at this season. As a 
rule, pastures should not be manured so long as the manure 


15 See Chapter IX for treatment of field-crop rotations. 
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supply can be used advantageously for grain and hay or when 
the pasture soil has a high-fertility level.?® 

D. Determine whether alfalfa and clover need manure. 
As a rule it is not a good practice to apply manure directly 
for clover or alfalfa. If inoculated, these legumes have the 
power of securing an adequate amount of nitrogen from the 
atmosphere. When supplied with available nitrogen, through 
an application of either fertilizer or manure, they may use less 
atmospheric nitrogen. For alfalfa, manure is particularly ob- 
jectionable because it encourages the growth of weeds and 
grass, which often crowd out the alfalfa. Do not apply 
manure for alfalfa or clover when soil conditions are favorable 
for these legumes. 

The practice of top-dressing the new seeding of clover can 
be justified only where soils are so poor that the clover will 
fail unless manured. Lime and superphosphate in addition to 
manure, for a grain crop in the rotation, will produce favorable 
conditions for clover and obviate the necessity of manuring 
the new seeding. Unless the soil conditions are favorable for 
clover, the new seeding should be manured, preferably with 
superphosphated manure. When fall-seeded wheat is used 
as a nurse crop for clover, apply the manure as a winter top- 
dressing except where the practice will result in lodging. The 
wheat will utilize the readily available nitrogen from the 
manure so that the effectiveness of the clover in utilizing 
atmospheric nitrogen should not be greatly lessened. 

Manure has been found to be beneficial in securing a catch 
of alfalfa. Applied the year the alfalfa is planted, it favors 
the development of weeds and grass. Apply the manure for 
the crop preceding alfalfa so that the weed seed may ger- 
minate before the alfalfa is seeded. By applying the manure 
to the preceding crop, the available nitrogen of the manure 
will be largely utilized before the alfalfa is planted and will 
not stimulate the growth of grass and weeds in the newly 
seeded alfalfa. Even though the practice of top-dressing 


16 See Chapter X for treatment of pastures. 
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established alfalfa fields with manure is widely advocated, it 
is seldom the best use of manure. Weeds and grass are 
benefited more than the alfalfa; and, even though the hay 
crop may be increased, it is seldom that greater returns would 
not have been secured from manure if applied for some other 
crop. In general use superphosphate, superphosphate and 
potash, or a 0-20-10 fertilizer instead of manure for the top- 
dressing of alfalfa. 

E. Manure vegetable crops. Practically all vegetable crops 
are greatly benefited by farm manure. Excessive applications 
may produce too great top growth of root and tuber crops. 
However, both Irish and sweet potatoes respond well to farm 
manure. Do not apply manure directly for Irish potatoes where 
it is difficult to produce clean tubers, as manure favors the 
development of scab. In general, it is best to apply the manure 
for the preceding crop. The potato crop will get the residual 
effect of the plant-food, and at the same time the manure will 
have largely decomposed and become thoroughly incorporated 
with the soil. It will thus have its maximum effect in pro- 
ducing a loose, friable condition of the surface soil which is so 
essential for potatoes. If applied directly for the potato crop, 
make the application in the fall and plow under. 

The vegetable garden should receive an application of 12 
to 20 tons of manure to the acre annually, as a source not only 
of plant-food but also of organic matter. Apply the manure 
uniformly over the surface and plow it into the soil. When 
garden soils are thus manured, their physical condition is 
favorable for maximum production. Apply superphosphate 
or a mixed fertilizer high in phosphoric acid, in addition to 
the manure, at the same time as or just previous to planting. 

Such field-produced vegetables as cabbage, tomatoes, and 
sweet corn should receive, where available, an application of 
10 to 15 tons of manure to the acre. Do not manure the vege- 
table legumes, such as peas and beans, except on very poor 
soil. Apply mineral fertilizer, particularly superphosphate, 
in addition to manure for all vegetables. A potash fertilizer 
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material, and with some vegetables a little nitrate of soda or 
sulfate of ammonia, will give additional benefit.‘ 

F. Apply manure for fruit. Manure may be used to ad- 
vantage in fertilizing fruit. Nitrogen is the plant-food most 
often needed as a fertilizer by the fruit crop. Manure supplies 
this nutrient in large amounts. It has been found beneficial 
not only in increasing the yield but likewise in producing 
healthy foliage, stimulating wood and spur growth, and in- 
creasing the set of fruit. In applying manure to orchards, 
scatter uniformly around the trees extending from within a 
foot or two of the trunk well beyond the extent of limb 
growth. With a young orchard the manure should extend 
a distance of 8 or 10 feet from the tree irrespective of limb 
growth and may, in fact, be broadcast uniformly over the 
whole surface. The amount to apply to mature trees will vary 
with the size as well as with the kind of fruit. Apply 200 to 
300 pounds to the tree in mature apple orchards. Make the 
application in the winter or early spring. If applied during 
the summer months, manure will retard the maturing of the 
fruit. The manuring of late varieties of peaches and grapes 
may prevent their ripening in sections having a short growing 
season.’® 


4. CALCULATING THE AMOUNT PRODUCED AND Its VALUE 


The approximate amount of manure that will be produced 
on a given farm may be readily calculated with fair accuracy. 
This calculation may be made either on the basis of the kind 
and number of livestock kept or on the amount of feed and 
bedding used. 


Procedure: 


A. Calculate the amount of manure produced. 
B. Calculate the value of the manure. 


17See Chapter XI for treatment of garden soils. 
18 See Chapter XII for treatment of orchard soils. 
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A. Calculate the amount of manure produced. The amount 
of excrement produced by 1000 pounds live weight of the 
various kinds of farm animals is given in Table XV. From 
this information can be figured the annual production of 
manure by an animal of a known weight, and, in fact, the 
total production of manure by all animals on a given farm. 
Add to the weight of the solid and liquid excrements the 
weight of bedding. As an average of all classes of animals, 
figure bedding as constituting one-eighth the weight of the 
manure, that is, add 1 pound of bedding for each 7 pounds of 
excrement. A ton of manure would then be made up of 1750 
pounds of excrement and 250 pounds of bedding. 

The manure produced by farm animals is never all avail- 
able for application to the soil. It has been estimated that, 
on the average, one-third of the manure is lost. Consequently, 
in calculating the amount of manure that would be produced 
in the barn and available for application to the land, use 
two-thirds the amount of excrement given in Table XV. 
Farmers often figure roughly that a cow or horse will produce 
a ton of manure a month, or 12 tons yearly. Assuming that 
two-thirds is produced in the stable, there would be available 
yearly 8 tons of manure per animal for direct application 
to the land. Obviously, in sections where the climate is mild, 
animals will be in the stable for a shorter period during the 
year, resulting in a reduced annual production of manure for 
application to cropped land. 

Another method of determining the amount of manure 
produced is to base the calculation on the feed consumed and 
the bedding used. Owing to the destruction of organic matter 
by digestion, the dry matter of the feed is never entirely re- 
covered in the manure. Grains and concentrated mill feeds 
are very digestible, whereas roughage, such as hay and straw, 
has a low digestibility. Of the average mixed ration, about 
two-thirds of the organic matter is destroyed by digestion. 
This means that only one-third is regained in the manure. 
Therefore, divide the weight of the dry matter in the feed by 
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3 to get the weight of dry matter in the excrement. Add to 
this figure the dry matter in the bedding, to determine the 
total dry matter in the manure. To calculate the amount of 
manure produced, multiply the weight of total dry matter by 
4, since farm manure contains approximately 25 per cent, or 
one-fourth, dry matter, and 75 per cent, or three-fourths, 
water. The mathematical procedure for this method of cal- 
culating the total amount of manure produced may be repre- 
sented by the following formula: 


("s matter in feed 
3 


+ dry matter in bedding) x4 
= total amount of manure. 


On the average in the northern states, about two-thirds of this 
amount should be available for application to the soil. 

B. Calculate the value of the manure. The value of 
manure depends largely on its plant-food content. One method 
of calculating its value is to evaluate the nitrogen, phosphoric 
acid, and potash on the basis of their cost in standard fer- 
tilizer materials. When nitrogen, phosphoric acid, and potash 
are valued at 15, 6, and 5 cents a pound respectively, a ton of 
average farm manure, containing 10 pounds of nitrogen, 5 
pounds of phosphoric acid, and 10 pounds of potash, contains 
$2.30 worth of plant-food. The nitrogen constitutes nearly 
two-thirds, and the phosphoric acid and potash combined only 
one-third of this amount. If the plant-food is evaluated on the 
basis of its average cost in a factory-mixed fertilizer, the value 
of a ton of manure is about $3. The plant-food supplied in a 
10-ton application of manure would cost approximately $30, 
if purchased as a factory-mixed fertilizer. 

The real value of manure to the farmer can best be ascer- 
tained from the results of carefully conducted field experi- 
ments in which manure has been applied in regular amounts 
over a period of several years. The valuation of a ton of 
manure may be determined very definitely by comparing the 
value of the crops secured from manured and from unmanured 
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land. By this means it has been found that a ton of manure is 
worth $1 to $2 when used for grain and hay crops. It is worth 
considerably more when used on vegetable crops grown in- 
tensively. When properly treated with superphosphate, its 
value as measured by crop increases is nearly doubled. 


GENERAL INFORMATION 
1. Composition oF Farm MAnuRE 


The term farm manure is commonly restricted to the ex- 
creta of farm animals. In addition to the solid and liquid 
excrement, it contains varying amounts of litter or bedding. 
The term stall manure refers to fresh, unexposed material; 
by yard manure is meant that which is more or less decom- 
posed and leached, owing to exposure to the weather. The 
terms fresh and rotted are also used to designate these two 
forms of manure. The expression manuring the land should be 
restricted to the direct application of the excreta of farm 
animals, so that this procedure can be distinguished from that 
of fertilizing the land which properly refers to the application 
of commercial fertilizers. Certain crops are referred to as 
green manures, and the process of returning them to the soil, as 
green manuring. These terms can readily be distinguished 
from those applied to the excreta of farm animals. 

Unexposed farm manure has an average composition of 
10 pounds of nitrogen, 5 pounds of phosphoric acid, and 10 
pounds of potash to the ton. Nevertheless, it varies in com- 
position. It is of interest to understand the factors which 
influence the plant-food content of manure and to learn more 
about the composition of the different kinds. 

Mixed manure when fresh contains about 75 per cent of 
water. The water and consequently the dry-matter content 
will vary under certain conditions. If the moisture content 
should increase from 75 to 80 per cent, the dry matter would 
be reduced by one-fifth, from 25 to 20 per cent. A relatively 
small increase or decrease in the water content will change 
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materially the plant-food content. In exposed manure par- 
ticularly, the moisture content may be increased to such an 
extent as greatly to lessen the percentage of plant-food. The 
relative amounts of dung, urine, and bedding likewise influence 
composition, as does also the quality of the bedding. From 


TABLE VIII 


PERCENTAGE OF PuLATE-Foop CONSTITUENTS IN FRESH ANIMAL 
EXCREMENTS * 


Phos- 
Kind of Excrement Water | Nitrogen] phoric Potash 
Animal ee 
Portion Boron Per Cent | Per Cent | Per Cent | Per Cent 
of Total 
Solid 70 85 0.40 — 0.20 0.10 
Liquid 30 92 1.00 Trace 1.35 
Mixed = 86 0.60 0.15 0.45 
Solid 80 75 0.55 0.30 0.40 
Horse Liquid 20 90 1.35 Trace 1.25 
Mixed ne 78 0.70 0.25 0.55 
Solid 60 80 0.55 0.50 0.40 
Liquid 40 97 0.40 0.10 0.45 
Mixed Ls, 87 0.50 0.35 0.40 
Solid 67 60 0.75 0.50 0.45 
Sheep Liquid 33 85 135 0.05 2.10 
Mixed oy, 68 0.95 0.35 1.00 
Chicken | Mixed am 55 1.00 0.80 0.40 


* Van Slyke, ‘‘ Fertilizers and Crop Production,” p. 218, Orange Judd Co, New York. 


the practical standpoint these factors should not be overlooked 
as they influence materially the composition of manure as 
found on the farm. 

Even though there is rapid loss of plant-food from manure 
during exposure, the composition of fresh and rotted manure 
is not dissimilar. This is because the loss in weight resulting 
from the decomposition of organic matter occurs at about the 
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same rate as the loss of plant-food. Rotted manure contains 
on the average 10 pounds.of nitrogen, 8 pounds of phosphoric 
acid, and 10 pounds of potash to the ton. When decomposed in 
storage, the plant-food content would not only be greater, but 
it would likewise be more available. 

A. Solid and liquid excrement. The solid excrement, or 
dung, consists largely of the undigested portion of the food 
consumed. The material has been made fine by mastication 


TABLE IX 


RELATIVE Amounts or Nirrocen, PHospHoric Aci, AND PorasH IN Souip 
AND Liqum ExcREMENTSs * 


Percentage of 
Percentage of Total Phosphoric Percentage of 


Kind of Total Nitrogen in ‘hei in Total Potash in 
Animal 


Solid | Liquid | Solid | Liquid | Solid | Liquid 


HET OTSE 55350 <3) 62 38 100 0 56 44 


COW bps pas ston 3 49 51 100 0 15 85 
IDR saree os 67 33 88 12 57 43 
fo} SYS) OA eouene 52 48 95 5 30 70 
Average....... 57 43 95 5 40 60 


* Van Slyke, ‘‘ Fertilizers and Crop Production,” p. 221, Orange Judd Co., New York. 


and softened by the admixture of the various digestive fluids, 
but in composition it is not unlike the coarser portion of the 
ration from which it has been largely derived. As an average, 
it contains one-half of the nitrogen, one-third of the potash, 
and practically all the phosphoric acid. There must be 
further decomposition of this material before the plant-food in 
it becomes available for plant growth. 

The liquid manure is composed of the material in the di- 
gested portion of the food that is rejected by the animal body. 
It contains about one-half of the nitrogen, two-thirds of the 
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potash, but practically none of the phosphoric acid of the 
original plant-food material. The plant-food is in a readily 
available form and is subject to serious leaching unless the 
manure is properly cared for. 

Definite information as to the relative weight and com- 
position of solid and liquid excrements of farm animals is given 
in Table VIII. Information as to the relative amounts of 
nitrogen, phosphoric acid and potash in solid and liquid ex- 
crements is given in Table IX. 

B. Composition of bedding. The bedding influences the 
somposition of the manure slightly, depending on its own 


TABLE X 


Pounps or Puant-Foop per Ton or BEeppING MATERIALS 


Phosphoric 


Kind of Material Nitrogen hea Potash 
WWihcatrsuna wierrrcer rere rie Io 4.4 1256 
OatiStrawerenescan eee 11.0 5.6 35.4 
Pea tee wegen cer arene ee ae 40.0 4.0 270 
Sawdusts+ 1.1. ce ee: 5.0 6.0 14.0 
Shredded cornstalks.......... 14.8 8.0 18.0 


composition as compared with that of the solid and liquid 
excrements; and, more definitely, depending on its efficiency in 
absorbing and conserving the liquid manure. Plenty of high- 
grade bedding should be used on the ordinary farm as a means 
of absorbing the liquid manure. 

The average composition of the more common bedding 
materials is given in Table X. 

The nitrogen of peat will not become available rapidly, and 
little if any of the plant-food in sawdust is of practical value 
in crop production. 

C. Kind of animal. There is a great variation in the com- 
position of manure from different animals. The variation is 
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due largely to the difference in moisture content. Horse and 
sheep manures are low in water and are known as hot manures. 
They decompose easily and during the process give off a great 
deal of heat. Hog and cow manures, on the other hand, are 
high in water and are called cold manures. The dry manures 
are more concentrated in plant-food since they contain more 
dry matter. Precaution should be taken to prevent the hot 
manures from heating when they are placed in storage, at 
which time, unless mixed with cold manures, it is essential 
that they be well tramped. Water can often be added to 


TABLE XI 


CoMPOSITION OF EXCREMENT FROM DIFFERENT ANIMALS—POUNDS OF 
CONSTITUENTS PER TON 


Pounds of 
Kind of Animal cout: OF Phosphoric ORO 
Nitrogen : Potash 
Acid 
Cowes ove cee Reena ees 12 3 9 
VOT SON cry eee seo eiecerar ees Crete open 14 5 11 
1 E12 een ey CRORE RAE eel ee tek oir ae 10 7 8 
SHeeDeretitc.. seiner 19 7 20 
Seah os crstns So ee es 20 16 8 


advantage when the manure is stored in a water-tight pit. 
Table XI gives the average composition of manure from the 
common farm animals. 

D. Nature of feed. The kind of feed is perhaps the factor 
which has the most influence on the composition of manure. 
The concentrates—mill feeds and grains—have a high content 
of digestible nutrients. The roughages—hay, straw, and silage 
—usually contain a low per cent of nutrients, and are always 
low in digestibility. If animals are fed a large proportion of 
concentrates, the resulting manure is rich in _ plant-food; 
whereas, if they are maintained largely on roughage, the 
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manure is correspondingly low in plant-food. The potash con- 
tent is an exception, as the roughages run higher in this element 
than do many of the concentrates. Because of this, manure 
from animals fed largely on concentrates is somewhat lower 
in potash than if considerable roughage is fed. 

E. Type of work and age of animal. Both the type of work 
an animal is doing and its age influence the composition of the 
manure. When a mature animal is being fattened, practically 
all the plant-food is given off in the manure. Even when at 


TABLE XII 


ELEMENTS GIVEN IN FEED AND RECOVERED IN MANURE ON CEMENT 
AND EARTH FLOORS 


On Cement On Earth 

Floor Floor 
Nitrogen in feed, etc., pounds.......... 2685 2756 
Nitrogen in manure, pounds........... 2006 1719 
Nitrogen, per cent recovered........... 74.7 62.4 
Phosphorus in feed, etc., pounds........ 1033 977 
Phosphorus in manure, pounds......... 799 771 
Phosphorus, per cent recovered......... eo 78.9 
Potassium in feed, ete., pounds......... 1212 1176 
Potassium in manure, pounds.......... 1064 922 
Potassium, per cent recovered.......... 87.8 78.4 


work, other than that of milk production, a mature animal 
appropriates little of the plant-food for body use. A dairy 
cow, when producing a heavy flow of milk, will utilize a con- 
siderable amount of plant-food, lessening that in the manure. 
Too, a young, growing animal requires both phosphorus and 
nitrogen for the building of bone and flesh. A growing calf or 
colt will utilize in body building 3 to 4 pounds of phosphorus 
annually; a cow requires nearly 6 pounds of nitrogen, 1 of 
phosphorus, and 114 of potassium, for each thousand pounds 
of milk produced. 


PLANT-FOOD REGAINED IN MANURE 235 


2. PLANT-Foop REGAINED IN MANURE 


At best, only part of the fertilizing value of the feed is 
regained in the manure. Not only is organic matter destroyed 
by digestion, but also the animal utilizes part of the plant-food 
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Fig. 122. Proportion or ConstTiTUENTS IN ANIMAL Foops REGAINED IN 
THE MANURE. 


The blocks at the left of each group represent the distribution of 100 pounds of 
the constituent among the several foods consumed. The middle blocks show the pro- 
portion of the constituent returned by the animalin the manure. The right-hand blocks 
show the proportion of 100 pounds of the constituent in feed that may be saved in the 
manure. The slope at the top of each block represents the range of variation. 


which becomes available. As explained, the proportion utilized 
by the animal varies, but it has been estimated that on the 
average it amounts to one-fourth the nitrogen, one-fifth the 
phosphorus, and one-tenth the potassium contained in the feed. 
In practice, an additional loss, generally in excess of that 
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resulting from assimilation by the animal, takes place in the 
handling of the manure. 

Results secured by the Ohio Experiment Station, showing 
the proportion of plant-food recovered from steers on cement 
and on earth floors, are given in Table XII.*° 

It should be noted that a larger percentage of the nitrogen 
and potassium of the feed was regained with the concrete 
floor, but there was little difference in the phosphorus. When 
one recalls the facts that more than 40 per cent of the nitrogen 
and 60 per cent of the potash occur in the liquid, and prac- 
tically all the phosphoric acid is found in the solid, these 
results are not surprising. 

Figure 122 shows the percentage of constituents recovered 
in the manure from horses and cows.?° The variation in 
height of the black line indicates the great fluctuation in the 
proportion of the constituents that are returned to the soil 
through manure in actual farm practice. On the average farm, 
only about one-fourth the organic matter, one-third the nitro- 
gen, and one-half the phosphorus and potassium of the feed 
are returned to the soil in the manure. 


3. PuANT-Foop Lost rrom Exposep MANURE 


Plant-food is lost rapidly from manure exposed to the 
weather. The loss is due to the combined effects of fermenta- 
tion and leaching. Fresh manure contains large numbers of 
bacteria which cause fermentation. As these bacteria decom- 
pose the manure, ammonia gas is formed, and may be lost into 
the atmosphere. When the stable has a strong ammonia odor 
one knows that nitrogen is being lost from the manure. When 
horse manure is stored in a loose pile, fungi may develop a 
condition known as firefanging. This type of fermentation 
produces a condition in which the manure heap is dry and 


19 Thorne, “Farm Manures,” p. 184. Orange Judd Co., New York. 
20 Cornell Reading Course Bul. 141. 
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gray in color. It develops very quickly, and is accompanied 
by a rapid loss of organic matter. 

When the decomposing manure is exposed to the weather, 
the loss of plant-food is increased by the leaching of the soluble 
material by rain. Many experiments have been conducted to 
determine the rate of loss in exposed manure. Table XIII 
gives the results of an experiment conducted at the Cornell 
Experiment Station, New York, in which both cow and horse 


TABLE XIII 


Loss From Manure Exposed For A Periop or Five Montss at CorNnELL 
Station, NEw York 


Number of Number of 

Pounds at Pounds at Percentage of 
Beginning of End of Loss 
Experiment Experiment 


Horse | Cow | Horse | Cow Horse | Cow 


Gross weight......... 4000.0} 10,000 |1730.00) 5125 57 49 


INICTOPEM a ee wos eee 19.6 47 7.79 28 60 41 
Phosphoric acid...... 14.8 32 7.79 26 AT 19 
ZO Gashites. ge tncyy. Sets oy 36.0 48 8.65 44 76 8 


manure were exposed over a period of five months beginning 
in late April.?2?_ The horse manure was untreated, but the cow 
manure had been treated with gypsum before exposure. The 
results secured in a similar Canadian experiment in which 
manure was exposed for six- and twelve-month periods are 
given in Table XIV.”? In this experiment, an equal amount 
of the same quality of manure was put in proper storage over 
the same periods of time. Even though the rate of decomposi- 


21 Bul. 27, Cornell Exp. Sta., New York. 
22 Bul. 31 of Central Exp. Farm, Canadian Dept. of Agr. 
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tion and consequently the loss of organic matter were nearly 
as great in the exposed as in the unexposed manure, there was 
a marked reduction in the loss of all three plant-food con- 
stituents. The addition of preservatives, such as superphos- 
phate, to manure where stored or where exposed to the weather 
may still further reduce the loss of nitrogen. Results from a 
recent experiment at the Cornell Experiment Station, in which 
manure was treated with superphosphate before exposure, 
indicate virtually no loss of phosphoric acid. 


TABLE XIV 
Loss rrom Manure During ExrposurE—CANADIAN EXPERIMENT 


Percentage Loss in Percentage Loss in 
Six Months Twelve Months 


Exposed Stored Exposed Stored 


Organic matters. «0. 65 58 69 60 


INitrogenee eee eee 30 19 40 23 
Phosphoric acid......... 12 ae 16 4 
Potash sentences ree 29 3 36 3 


Recent investigations at the Vermont Experiment Station 
show a loss of as much as 50 per cent of the nitrogen content of 
manure as the result of freezing, and even a larger percentage 
when the manure is dried. The losses are relatively greater 
from cow than from horse and sheep manure. They are 
materially reduced, but not prevented, by the incorporation of 
superphosphate. 


4, AMountT oF MAnurE Propucep By DirrERENT ANIMALS 


In Table XV is given the average daily and yearly produc- 
tion of excrement per 1000 pounds of live weight of farm 
animals, 
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TABLE XV 


DaiILy AND YEARLY PropuctTion oF MaNuRE—1000 Pounps Live Wr1GHT 


Pounds Pounds Total 


Kind of Animal Solid Liquid Pounds vere 
Daily Daily Daily weeny 

IEIOrSe res hae Arheh ae 40 10 50 9.1 
WAlrye COW Sanne esr tk 50 20 70 12.7 
Fattening steer..... 29 12 41 7.5 
TODS Mr roe era hora SO 48 34 82 15.0 
SITS Ske coche ae eee Meas 22 11 30 6.0 
ROULLIV ee eee Ef: 23 4.3 


5. ADDITIONAL BENEFITS OF MANURE 


Benefits, other than those accounted for by the nitrogen, 
phosphoric acid, and potash furnished, may result from the 
application of farm manure. The organic matter materially 
aids in producing a good physical condition of the soil. This 
facilitates tillage, increases the water-holding capacity of the 
surface soil, and produces a condition favorable to the bene- 
ficial soil bacteria. Manure is known to contain large num- 
bers of bacteria. When incorporated with the soil, these bac- 
teria may prove of material benefit in increasing the rate at 
which the plant-food of the soil becomes available. Manure 
is slightly alkaline in character, and at least may temporarily 
lessen soil acidity and thereby benefit clover and alfalfa. 


6. ResipuaL Errect oF MANURE 


The full benefit of farm manure is not secured on the first 
crop. It is known to be effective over a period of several years. 
This residual effect is less pronounced in warm climates and 
in sandy soil. The plant-food supplied by the urine becomes 
largely effective the first year, but that of the dung becomes 
available more slowly as the organic matter decomposes. Ni- 
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trogenous fertilizer materials, on the other hand, are largely 
effective the first year and are of very little benefit except to 
the crop for which they are applied. Land is not ordinarily 
manured more often than once in three or four years, except 
where cropped intensively and manure is purchased. 

The marked residual effect of manure has been demon- 
strated at the Rothamsted Experiment Station in England, 
where for twenty consecutive years an application of over 
15 tons to the acre was made for barley. At the end of this 
period the applications were discontinued. Although the yields 
of barley became less from year to year after the use of manure 
was discontinued, they remained higher for a period of twenty 
years than the original yields on the same soil without treat- 
ment. 


7. EXPERIMENTAL RESULTS WITH MANURE 


Many experiments have been conducted with manure in 
order to determine its effectiveness in increasing the yields of 
crops. Results of several of these experiments, which have 
been conducted for a sufficiently long period of time to furnish 
reliable information, are summarized in the following tables. 

Manure has been applied at three different rates for a 
period of fifty years at the Pennsylvania Experiment Station. 
A rotation or corn, oats, wheat, and hay (clover and timothy) 
has been followed. Manure has been applied twice in the 
rotation at the rates of 6, 8, and 10 tons to the acre for corn 
and wheat. Average annual yields for the forty years and the 
estimated returns per ton of manure applied are given in 
Tables il: 

At the Ohio Experiment Station fresh and exposed manure 
have been compared both with and without reinforcing ma- 
terials in a three-year rotation of corn, wheat, and clover for 
a period of twenty-six years. Average annual yields and esti- 
mated returns per ton of manure are given in Table XVII. 


23 Bul. 175, Pennsylvania Exp. Sta. 
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TABLE XVI 


PENNSYLVANIA RESULTS wiITH MANURE 


Rate Application 
Every Other Year 


Bu. 

Corn 
GECONS pretta.c cstue: somos. 56 
fo} OLIN ch SiO ORIEN 55 
MOECOMSterta ce cuclset ecceke 58 
Naareated’ cr. aise cee: 34 


Crop Yields Value of 
Crop In- 
crease per 
Bu. Bu. Lbs. Ton of 
Oats Wheat Hay Manure * 
42 24 3804 $2.63 
43 25 4117 2R50) 
44 26 4225 2.19 
31 2, SOT ieee ee 


* Crop values used in calculation:! corn 60 cents a bushel, oats 40 cents a bushel, 


wheat $1 a bushel, and hay $10 a ton. 


TABLE XVII 


Outo RESULTS WITH I’RESH AND RoTTED MANURE 


Fresh manure (8 tons)........ 
Exposed manure (8 tons)...... 


Fresh manure (8 tons) and su- 
perphosphate (320 lbs.)..... 
Exposed manure (8 tons) and 
superphosphate (320 lIbs.).... 


Fresh manure (8 tons) and rock 
phosphate (320 Ibs.)........ 
Exposed manure (8 tons) and 
rock phosphate (320 lbs.).... 


Yield Value of 
Crop In- 
Treatment crease per 
Bu Bu. Lbs. Ton of 
Corn Wheat | Clover Manure 
62 24 4151 6B. ain 
56 23 3655 2.92 
68 29 4897 5.00 
65 28 4466 4.42 
67 PHY 4675 4.30 
65 30 4388 3.59 
By 14 2943 


Winmrantiredi@. sas coves see 
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TABLE XVIII 


Onto ExPERIMENT—APPLICATION OF MANURE 


Average Annual Increase in Yield | Value of 


Crop In- 
Crops Manured crease per 
Bu. Bu. Bu. Lbs. Ton of 
Corn Oats Wheat | Clover Manure 
Corn and wheat,3each.| 13 5 9 481 $1.86 
INUTOINTCO GAs odo coe 15 8 Us 415 1.79 
IND WANE ico dao oc 9 4 112) 1105 2.24 
‘Allonicloversst seer 9 2 2 1192 1.09 
TABLE XIX 


WISCONSIN EXPERIMENT—APPLICATION OF MANURE 


Yield, Eight-Year Average Value of 

Crop In- 

Crops Manured crease per 
Bu. Bu. Bu. Tons Ton of 

Corn | Oats | Wheat | Clover} Manure 


16 tons corn, plowed under. . 65 58 29 4.3 $1.19 
16 tons clover, top-dressing.| 61 56 28 4.6 Heslal 
Stonscorn { wowedunder || 67 | 54 | 34 | 4.4 1.58 
8 tons wheat |p peaks te } ; i 
Stopacorn lop dressing -/ 265) meso | miami 1.48 
apenielny Dn Ge ; J 

8 tons corn, plowed under 

8 tons clover, top-dressing } a oe ai aS, En 
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In another experiment at the Ohio Station, manure has 
been applied to different crops in a four-year rotation of corn, 
oats, wheat, and clover.2* The rate of application has been 
8 tons to the acre once in the rotation. In addition, a 480- 
pound application of superphosphate has been applied with 
each 8 tons of manure. The average annual increases in yields 
resulting from the superphosphated manure are given in 
Table XVIII. The table includes an estimate of the returns 
per ton of manure after the cost of superphosphate has been 
deducted. 

Results from a similar experiment at the Wisconsin Station 
are given in Table XIX.*® 


COMMUNITY STUDIES 


Visit several well-managed livestock farms in the community and 
secure information as to how the manure supply is handled and for 
what crops it is used. 

1. Is the liquid manure efficiently saved? 

. What bedding material is used? 

. Is the manure hauled directly to the field or put in storage? 

. If stored, is it placed in a properly constructed pit or shed? 

Is the manure treated with superphosphate or rock phosphate? 
. Is the farm equipped with a manure spreader? 

. For what crops is the manure applied? 

. What is the rate of application? 


ON OAR wWN 


PROBLEMS 


1. How much manure, including bedding, would be produced annually 
by the following livestock: 


4 work horses weighing............ 1250 pounds each 
10 dairy cows weighing.............. 900 “ « 

SuOTSEWele ince mmm nena isi ier 250 ee << 
AQSheEEpMWEISMING ike. fe eee es ne 1250 Me 
i25uchickenstweig mings 4h a. A & 


24 Ohio Exp. Sta. Bul. 362. 
25 “Fertility and Crop Production,” S. F. Hinkle, p. 75. 
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2. Disregarding the bedding, how much nitrogen, phosphoric acid, and 
potash would be produced annually in the solid and liquid excrements of 
a 1000-pound dairy cow? How many tons of a 2-8-2 fertilizer would be 
required to furnish an equivalent amount of nitrogen? 2° 

3. How much manure would be produced annually on a farm where 
the dry matter in the feed amounts to 7.5 tons and that in the bedding 
to 2.3 tons monthly? 

4. If manure containing 80 per cent water sells for $1.50 a ton, what 
would a ton of manure containing 60 per cent of water be worth? 

5. If half the liquid from cow manure is lost by leaching, what would 
be the per cent of nitrogen and of potash lost from the combined solid 
and liquid excrement? (Refer to Tables VIII and IX.) 

6. On the basis of Cornell Station results (see Table XIII), calculate 
the weight of a mixture of 2 tons of horse manure and 20 tons of cow 
manure, after being exposed for 5 months. 

7. Calculate the value of crop increase per ton of superphosphate 
when it is used in addition to fresh manure. Use Ohio Experiment Sta- 
tion results (Table XVII). 

8. On the basis of the average of the results of the Ohio and Wis- 
consin Stations (Tables XVIII and XIX), how much more a ton is 
manure worth when applied for corn than when used for top-dressing 
clover? 


REFERENCES 
EXPERIMENT STATION PUBLICATIONS 


Artificial Manure Production. Mo. Bul. 369. 
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26 A 2-8-2 fertilizer is one containing 2 per cent nitrogen, 8 per cent 
phosphoric acid, and 2 per cent potash. See page 304. 


CHAPTER VI 
LIMING 


Most crops grow best on soils that are well supplied with 
lime. Many of the more prosperous agricultural areas have 
soils of limestone origin, and it is seldom that a really profit- 
able agriculture has been developed in a section of extremely 


Fie. 123. A Limestone VauLEy In PENNSYLVANIA. (Agronomy Dept:, 
Pa. State Col.) 


Many of the more prosperous agricultural areas have soils of limestone origin, 
and it is seldom that a really profitable agriculture has been developed in a section 
of extremely acid soils. 


acid soils. When, as a result of insufficient lime, the surface 
soil is strongly acid, lime can almost always be applied with 
profit. 
It is a well-known fact that farmed soils tend to become 
acid. This is especially true in humid regions where lime is 
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constantly leached from the soil and carried away in the 
drainage waters. As a result, the well water of sections where 
the soils are rich in lime is invariably extremely hard. Crops 
take lime from the soil, and, particularly where sold from the 
farm, reduce the soil supply of this valuable constituent. 
Measurements made of the rate of loss show that, under 
normal climatic conditions, a soil well supplied with lime loses 
300 to 500 pounds of calcium and magnesium carbonate to the 
acre annually. To replace this loss, a ton of limestone or its 
equivalent of some other form of lime must be supplied every 
four or five years. 

The need for lime is dependent to a large extent on rainfall. 
It is in the eastern half of the United States that soils almost 
everywhere require liming, though even in this section there 
are some soils which do not need it. Some areas on the Pacific 
Coast have soils which are moderately acid. In Fig. 124 is 
shown the general location of soils well supplied with lime and 
those of varying degrees of acidity. 

The extensive need for lime in the southeastern states is 
strikingly illustrated by the results of the soil-testing work 
done in South Carolina where over two million acidity deter- 
minations were made of soil samples taken on 95 per cent of 
the farms of the State. The results are recorded in Table XX. 

Lime is not a real fertilizer. It supplies neither nitrogen, 
phosphoric acid, nor potash, and cannot replace commercial 
fertilizer or manure. Too often it has been considered a 
“cure-all,” capable of supplying the various requirements for 
the continued production of large yields. In reality, its chief 
function is to reduce soil acidity. Some beneficial effect may 
result from the calcium or the magnesium functioning as plant 
nutrients. Although lime alone will neither maintain nor 
materially improve run-down soils, any practical scheme of 
permanent soil improvement must include liming as one of its 
essentials.* 


1 See General Information at end of chapter for chemistry of lime. 
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TABLE XX 


Summary or pH Vauves oF SoutH Caroxina Sor Samples 


Percentage 
Arbitrary pH 


Degree of Acidity Value Range 


Each Class Cumulative 


Extremely acid............ Below 4.51 1:55 | asses eee 


Very strongly acid......... 4.51-4.75 3.07 4.62 
4.76-5 .00 6.70 11.32 
Stronglvsacides.. scarier ime Clone) 12s PR BY 
5.26-5.50 17.81 41.38 
Moderately acid........... §.51-5.75 20.00 61.38 
5. 76-6 .00 19.19 80.57 
Slightlyaacidiaacnre race 6.01-6.50 16.74 97.31 
6.51-7.00 2.23 99.54 
Alkaline srg ta heacite re Above 7.00 0.45 100.00 


Operations: 


1. Determining the need for lime. 
2. Selecting the kind of lime to use. 
3. Applying lime. 


1. DETERMINING THE NEED FoR LIME 


By the term lime requirement is meant the amount of lime 
necessary to reduce, to a point favorable for the crop or crops 
grown, the acidity in the plowed soil of an acre. While crops 
vary in their need for lime, it has been found that most of 
them grow best in a soil that is slightly acid to neutral in 
character. In practice, the surface soil should be maintained 
at or near neutrality for most crops. Even though many crops 
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may do best where the soil is very slightly acid, it is imprac- 
ticable to produce and-maintain an absolutely uniform soil 
reaction throughout a given field. In general farming the 
aim should be to supply sufficient lime to satisfy, over the 
field as a whole, the needs of clover or any other lime-loving 
crop grown in the rotation.’ 


Procedure: 


A. Supply the lime needs for alfalfa and clover. 
B. Consider the lime needs of other crops. 

C. Avoid overliming. 

D. Determine the acidity of the soil. 


A. Supply the lime needs for alfalfa and clover. The 
failure of legumes, especially alfalfa and clover, is often due 


Fig. 125. Unuimep AND Limep Crover. (Agronomy Dept., Ill. Agr. 
Exp. Sta.) 


The failure of legumes, especially alfalfa and clover, is often due to insufficient 
lime. 


to insufficient lime. Success with legumes is essential for the 
most profitable production of the other crops in the rotation, 
and it will be found that farms are seldom abandoned so long 
as clover grows well on them. One of the first essentials in 
the improvement of depleted soils is to furnish the treatment 
that will insure success with clover. The importance of 


2 See General Information at end of chapter for the benefits of lime. 
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legumes in the improvement of poor soils, or in fact, in main- 
taining good ones, cannot be overemphasized.? 

Legume crops in general are in greater need of lime than 
the non-legumes. Even though some legumes will grow in a 
distinctly acid soil, they invariably grow better in such soil 
when lime is applied. Those having a high lime requirement, 
such as alfalfa, sweet clover, and red clover, have been found 


Fie. 126. A Firup or Rep CLover. 


Success with legumes is essential for the most profitable production of the other 
crops in the rotation. Farms are seldom abandoned so long as clover grows well on them. 


to be particularly efficient in improving the crops that follow, 
through increasing the supply of available nitrogen in the soil. 

The use of lime in field-crop production should be based 
largely on the need of the legumes grown. Just so long as 
alfalfa or clover grows well, lime need not be applied. Where 
they show signs of failure or even a material reduction in 
yield, test the soil and, if it is found acid, apply lime. A liming 
practice based on supplying the lime needs of the legume crops 
is economically sound on grain and livestock farms. 


3See Chapter VIII for information on leguming land. 
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B. Consider the lime needs of other crops. Since lime is 
needed most by legume erops, its primary value to the grain 
and grass crops comes from improving the legumes, and thus 
enabling them to increase the available nitrogen supply of 
the soil. Nevertheless, lime may be directly beneficial to 
certain of the cereal and grass crops. Most vegetable crops 
respond to lime when the soil is strongly acid. Some crops, 


Fig. 127. Corn on ALFALFA Sop. 


Since lime is needed most by legume crops, its primary value to the grain and grass 
crops comes from improving the legumes, and thus enabling them to increase the avail- 
able nitrogen supply of the soil. 


however, do best on distinctly acid soils. For them lime is 
injurious. Consider the relation of the individual crops to 
degrees of soil acidity or alkalinity in determining the liming 


practice. 
In Table XXI crops are classified on the basis of their 
requirement for lime and their tolerance to soil acidity.* 


4 See General Information at end of chapter for explanation of pH. 
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Although this classification, based on the greatest intensity 
of acidity under which satisfactory yields of the different 
crops can be secured, is of value, it should be remembered that 

TABLE XXI 


Grouping oF Crops BAasED ON TOLERANCE TO Sort AcIDITY 


For satisfactory yields acidity should not be in excess of pH stated 


1. Slight 2. Moderate | 38. Medium | 4. Strong | 5. Very strong 


pH 6.5 pH 6 pH 5.5 pH 5 pH 4.5 
Alfalfa Peanuts Alsike clover | Vetch Blueberries 
Sweet clover] Crimson clover | Cowpeas Buckwheat | Cranberries 
Sugar beet | Red clover Soybeans Canada Citrus fruits 

Barley White clover] bluegrass | Rhododendron 

Kentucky blue- | Corn Carpet Strawberry 
grass Cotton grass Watermelon 

Asparagus Oats Redtop 

Beets Timothy Bent grass 

Brussels sprouts | Wheat Rye 

Cabbage Cantaloupe | Tobacco 

Carrots Lima bean | Potatoes 

Cauliflower Peas Poverty 

Celery Tomatoes grass 

Chard Lespedeza | Apples 

Cucumber Millet Grapes 

Lettuce Sudan grass | Peaches 

Onions Sorghum Pears 

Parsnips Plums 

Peppers 

Radish 

Spinach 

Squash 


in practical farming the rotation rather than the individual 
crops must be considered. With wheat, for example, the 
acidity may be as great as pH 5.5 without reducing the yield. 
For profitable production the crop must be grown in a rotation 
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with a legume, which is most commonly red clover or alfalfa, 
either one of which is less tolerant to acidity than wheat. The 
liming practice for the rotation should be based on the needs 
of the clover, or the alfalfa crop. Invariably the least-tolerant 
crop of the rotation determines the most favorable soil reac- 
tion for the rotation as a whole. 

The crops in the third group would produce as well or even 
better with a soil reaction of pH 6 or even pH 7, and those in 
the fourth group having a tolerance of pH 5 should produce 
as well at pH 6 or even pH 6.5. The potato crop might be 
considered an exception if quality is considered, because when 
the soil acidity is reduced much below pH 5 potato scab may 
injure the quality of the tubers. In practical production, most 
of the other crops in group 4 can be produced more profitably 
on soil less acid than pH 5. 

The crops listed in group 5 are not only tolerant to acidity, 
but even require strongly acid soils for their normal growth. 
In their production, lime should not be applied. 

C. Avoid overliming. Since most crops grow best in a soil 
that is slightly acid, care should be exercised not to apply lime 
in amounts to produce an alkaline condition; certainly the re- 
action should never be greatly in excess of pH 7 except for 
the control of such diseases as clubroot of cabbage and 
caulifiower. Normally, soils used for the produetion of low- 
value field crops are not overlimed, but occasionally lime is 
applied to such soils when it is not needed. However, in con- 
nection with the production of high-value crops, where the 
cost is of minor importance, injury often results from either 
too heavy or too frequent applications of lime. Such injury 
most often occurs in home flower and vegetable gardens, in 
greenhouses, and on lawns. Excessive applications of wood 
ashes frequently result in crop injury.? 

D. Determine the acidity of the soil. An acid condition 
of the soil can usually be detected by the character of the 


5 See Genera] Information at end of chapter for information on injury 
from excessive liming. 
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vegetation. Certain weeds, such as sheep sorrel, paint brush, 
and buckhorn, are very tolerant to acidity and persist on soils 
too sour to grow clover and timothy. Consequently, their 
presence in hay fields indicates that the surface soil at least is 
becoming acid. Where a seeding of alfalfa and clover gives 
only clover, the failure of the alfalfa may generally be at- 
tributed to acidity, provided the soil is well drained and the 
alfalfa seed sufficiently hardy for the locality. Likewise, 
where redtop does better than timothy, and where the bent 
grasses or poverty grass replace Kentucky bluegrass and white 
clover in permanent pastures, one may conclude that the soil 
may be deficient in lime. Study the character and growth of 
vegetation, both crops and weeds, and watch for indications of 
the development of sufficient acidity to cause injury to the 
least-tolerant crop in the rotation. 

Before deciding on a liming program, test the soil for 
acidity. This is the best way to make certain that the soil 
is acid and to determine the amount of lime that should be ap- 
plied. There are several reliable methods of testing soils for 
acidity. Of these, the litmus-paper test is the simplest. With 
it one can tell whether or not the soil is strongly acid, but the 
degree of acidity cannot be determined accurately. All that 
is needed for the test is a supply of fresh blue litmus paper and 
a small amount of rain water. To make the test, take a small 
handful of surface soil, moisten slightly with rain water, and 
mold into a ball. Break it open and insert one end of a strip of 
blue litmus paper, then close the ball, pressing the moistened 
soil firmly against the litmus paper. After ten minutes open 
the ball, remove the litmus paper, and wash it with the rain 
water. If the end of the paper that has been in contact with 
the soil has turned red or pink, the soil is very acid; if un- 
changed in color, the soil is neutral, or at most only mildly 
acid.® 


6 See General Information at end of chapter for directions for taking 
soil samples, for making a lime-requirement map, and for more accurate 
methods of testing soils for acidity. 
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If the blue litmus paper has not changed in color, pour a 
little dilute hydrochloric’acid on samples of the surface soil 
to determine whether it is alkaline. If it is, the acid will 
bubble. Although an alkaline condition of the surface soil is 
undesirable for many crops, an excess of lime carbonate in 
the subsoil is desirable in the production of either alfalfa or 
clover. When either of these legumes is grown in the rotation, 
test the subsoil to a depth of 3 feet with hydrochloric acid. 


2. SELECTING THE Kinp or Limgs To UsE 


The three important forms of lime used in the treatment 
of soils are ground limestone, burned lime, and hydrated lime. 
Although they differ in their acidity-correcting value, they 
all function similarly and when applied in proper amounts to 
acid soils will benefit the growth of crops, particularly the 
legumes. The form to use depends largely on price. In order 
to determine the most economical kind of lime to use, it is 
necessary to understand the composition of the different 
forms. Other factors, such as fineness, availability, and agree- 
ableness of handling, must be considered.’ 


Procedure: 
A. Consider the advantages of carbonate forms of lime. 
B. Consider the advantages of burned and hydrated lime. 
C. Determine the relative value of different forms of lime. 
D. Consider the guaranteed analysis and price. 
E. Select the liming material. 


A. Consider the advantages of carbonate forms of lime. 
Limestone is the source of practically all agricultural lime. 
It occurs as a common rock in many sections of the country, 
and the lime in it occurs as calcium, or calcium and mag- 
nesium in the form of carbonates. If the magnesium content 
is high the stone is known as dolomite or dolomitic limestone. 


7 See General Information at end of chapter for composition of dif- 
ferent forms of lime. 
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Both calcium and magnesium carbonates neutralize acidity. 
Magnesium carbonate is the stronger of the two, 84 pounds 
correcting as much acidity as 100 pounds of calcium carbonate, 
but it is not so readily available. In practice, it is generally 
assumed that the value of magnesium carbonate is equal to, 
if not greater than, that of calcium carbonate. The total car- 
bonate content of limestone consists of the sum of the calcium 
and the magnesium carbonate. Most limestones contain, 


Fig. 128. A Limestone QUARRY. 


Limestone is the source of practically all agricultural lime. It occurs as a common 
rock in many sections of the country. 


magnesium as well as calcium, but some consist almost en- 
tirely of calcium carbonate. In addition to the carbonates, 
they contain more or less clay and other impurities. Most 
of the stone that is ground or burned for agricultural use con- 
tains over 90 per cent of total carbonates. The better grades 
of finely pulverized limestone contain 95 to 99 per cent of 
combined calcium and magnesium carbonates. 

(1) Ground limestone. This is one of the most agreeable 
forms of lime to handle. Whereas both the burned and hy- 
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drated lime are caustic and will burn the skin, particularly 
in warm weather, the limestone is harmless and can be handled 
freely the same as any other ground rock. It is partly because 
of this desirable feature that ground limestone is so extensively 
used by farmers. 

The effectiveness of limestone depends not alone on com- 
position but also on fineness of grinding. The fineness is 
expressed in terms of the mesh size of the finest sieve through 
which all the material will pass. For example, by 10-mesh 
limestone is meant material ground to such a degree of fine- 
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Fig. 129. A SampiLe or Ground LIMESTONE SEPARATED INTO DIFFERENT 
GRADES OF FINENESS. 


The effectiveness of limestone depends not alone on composition but also on fineness 
of grinding. 


ness that all of it will pass a sieve having 10 meshes to the 
linear inch. Much of the material in this 10-mesh grade will 
pass through a screen having 20, 80, and even 100 meshes to 
the linear inch. 

Limestone particles passing a 50- or 60-mesh sieve will 
largely become effective the first year. Those coarser than 
this are slower in action but more lasting in their effect on 
the soil. Though the recommendation relative to fineness 
varies somewhat in different states, agricultural workers are 
fairly well agreed that either the 10- or 20-mesh stone will 
give satisfactory results. At least 90 per cent of the product 
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should pass a 20-mesh and 50 per cent should pass a 100-mesh 
sieve.® 

(2) Screenings. When limestone is ground to be used in 
road construction, it is commonly passed over a 3- to 4-mesh 
sieve. The material passing through the sieve is called screen- 
ings. This coarse grade of limestone is used in some sections 
for liming land. Because of the high content of coarse ma- 
terial, much heavier applications are necessary. Use this 
grade only when the price is sufficiently lower than that of 


Fie. 130. A Maru Deposit. 


Deposits of marl occur in many of the northern states and have been utilized to some 
extent as a local source of agricultural lime. 


fine grades of limestone, or of burned or hydrated lime, to give 
more economical returns per dollar invested.® 

(3) Marl. The term marl is applied to soft, chalky cal- 
cium carbonate. Deposits of this material occur in many of 
the northern states and have been utilized to some extent as 
a local source of agricultural Iime. These deposits are largely 


8 See General Information at end of chapter for experimental results 
with limestone of different grades of fineness. 


® See General Information at end of chapter for lime value of gypsum 
and ashes. 


SELECTING THE KIND OF LIME TO USE 259 


confined to swampy areas, and the cost of digging and drying 
the marl is often too great to justify its extensive use. Marl 
is similar in composition to limestone. The commercial grades 
contain 90 per cent or more of calcium carbonate. The ma- 
terial generally sells at a higher price than ground limestone, 
even though it is of no great agricultural value. Local marl 
deposits may sometimes be utilized to advantage. 

(4) Oyster shells. Oyster shells constitute another source 
of the carbonate form of lime. They contain 90 to 95 per cent 
calcium carbonate. Their use in liming soils has been con- 
fined largely to the Atlantic seaboard. Both the ground and 
burned shells are used, but the screenings from the grind- 
ing of shells for poultry is the main commercial source today. 
This by-product material contains about 90 per cent calcium 
carbonate and is of about the same agricultural value as 
ground limestone and marl. 

(5) Slag. Slag, a by-product in the manufacture of pig 
iron, is of value as a liming material. In this product the 
calcium occurs as a silicate. It is generally considered inferior 
to the better grades of limestone, and should be used only if 
the price is sufficiently low to make it an economical source 
of lime. Some slag contains phosphorus, and has a fertilizing 
value in addition to its lime value. There are various other 
by-product forms of lime, such as tanner’s waste, button dust, 
and sugar-factory sludge, but they are all of local interest 
only.*° 

(6) Limestone storage bins. In communities where bulk 
limestone is extensively used, there is need for local storage 
bins. They should be constructed on the railroad so that the 
limestone can be unloaded when it arrives and kept dry until 
the farmers are ready to haul and apply it to their land. The 
construction of a lime-storage bin is a good codperative 
project for any community where lime is needed. 


10 See Chapter VII for fertilizer value of phosphatic slag. 
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(7) Grinding limestone on the farm. Where a good quality 
of limestone occurs on the farm or in the immediate vicinity, 
it may be ground with a small portable crusher. Several makes 
of farm pulverizers are on the market. They can be operated 
with the ordinary farm tractor and have a rated capacity of 
1 to 2 tons per hour. The cost of quarrying and grinding 
has been found to vary $2 to $3 or more a ton. These small 
crushing outfits appear to be best suited to sections which are 


Fig. 131. Luvestonn Strorace Suep. (Michigan Limestone Co., Buffalo.) 


The construction of a lime-storage bin is a good codperative project for any 
community where lime is needed. 


somewhat remote from the railroad and in which limestone 
outcrops occur. Under these conditions, home grinding should 
be considered. Limestone is sometimes burned on the farm, 
but the practice cannot be recommended for general use. 

B. Consider the advantages of burned and hydrated lime. 
When limestone is burned, carbon dioxide gas, COs, is given 
off. The calcium and magnesium carbonates, CaCOz and 
MgCOs, are changed to the oxides, CaO and MgO. One 
hundred pounds of chemically pure calcium carbonate, when 
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burned, will give off 44 pounds of carbon dioxide and produce 
56 pounds of calcium oxide. The 56 pounds of pure burned 
lime are equivalent to the original 100 pounds of limestone in 
neutralizing soil acidity. 

Hydrated lime is made by adding water to the burned lime; 
The calcium and magnesium oxides change to the hydrox- 
ides, Ca(OH)» and Mg(OH).». In the case of calcium oxide, 
56 pounds unite with 18 pounds of water, forming 74 pounds 


Fig. 132. Grinpinc LIMESTONE ON THE FARM. 


Where a good quality of limestone occurs on the farm or in the immediate vicinity, 
it may be ground with a small portable crusher. 


of calcium hydroxide which has exactly the same acidity- 
correcting value as the original 100 pounds of calcium lime- 
stone or the 56 pounds of burned lime. When the burned lime 
is exposed to the air, it reabsorbs the carbon dioxide from the 
air and changes back to the carbonate form. The product 
is known as air-slaked lime, and has the same neutralizing 
power as the original limestone. 

The relative value of the three common forms of lime is 
given in Table XXII. These figures are based on chemically 
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pure materials, and it is assumed that, in practice, magnesium 
compounds are equal in value to those of calcium. 

Hydrated lime is of very fine consistency, and is com- 
monly shipped in paper sacks. The burned lime is sometimes 
ground and bagged, but is also shipped unground in bulk. In 
this form it is often spoken of as lwmp lime and is shipped only 
in carload lots. Both the hydrated and the ground, burned 
lime can be applied readily with the lime distributor, but the 
lump lime must be slaked before it can be applied to the land 
satisfactorily. The common procedure is to distribute lump 


TABLE XXII 


VALUE OF DIFFERENT Forms or LIME 


Pounds Pounds COREG 
; : Equivalent to | Equivalent to ton Yale 
Kinds of Lime 100 Pounds of | 1 Ton of Pure Based one 
: ‘ per Ton for 
Pure Limestone] Limestone : 
Limestone 
IhimMestone sean eee 100 2000 $3.00 
Hydrated lime.......... 74 1480 4.05 
Burnedslimenssene tees 56 1120 5.36 


lime over the field in small piles and leave it thus exposed 
until it slakes. It is then scattered with a shovel. A better 
method is to place it in a large pile and, after it has been 
slaked by exposure, distribute it with a manure spreader. 
When distributed with a spreader and promptly harrowed 
into the surface soil, both the hydrated and the ground, burned 
lime become effective very quickly. They change back to the 
carbonate form almost immediately after they are distributed; 
but, on account of the extreme fineness of division, they act 
somewhat more quickly than the ordinary grades of limestone. 
However, limestone when finely ground becomes active the 
season it is applied, which fulfills all practical requirements for 
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effectiveness. When the burned lime is slaked in piles, it may 
form a crust which breaks into lumps when the lime is applied. 
These lumps may remain intact in the soil for several years 
before they disintegrate and become effective. Hydrated lime 
should be applied when the soil surface is dry, and harrowed 


Fig. 133. Staxine Lump Lime. (Agronomy Dept., N. Y. State Col. 
of Agr.) 


Lump lime must be slaked before it can be applied to the land satisfactorily. The 
common procedure is to distribute it over the field in small piles and leave it thus exposed 


until it slakes. 


into the soil before a rain; otherwise, it will form a crust, which 
breaks down very slowly when incorporated with the soil. 
C. Determine the relative value of different forms of lime. 
In order to purchase lime to best advantage, one must be able 
to determine which of several forms or sources of lime is the 
cheapest. By taking into consideration the calcium or calcium 
and magnesium content, the purity, the freight, and the cost 
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of hauling to the farm and applying to the land, it is possible 
to calculate the cheapest of several available sources of liming 
materials. Assume that a farmer living 5 miles from a freight 
station can purchase liming materials F.O.B. shipping point at 
the following figures: 


Ground limestone, 98 per cent total carbonates, $3 a ton, $1.25 freight 
Ground burned lime, 95 per cent calcium oxide, $10 a ton, $2 freight 
Hydrated lime, 90 per cent calcium hydroxide, $12 a ton, $1.50 freight 


The cost of hauling and distributing amounts to $1.00 a 
ton. With this information available, the cheapest of the 
three forms of lime can be determined in the following manner: 

(1) Determine the delivered cost by adding the freight to 
the quoted price at point of shipment. 


$ 3.00 + $1.25 = $ 4.25 delivered cost of limestone 
$10.00 + $2.00 = $12.00 delivered cost of burned lime 
$12.00 + $1.50 = $13.50 delivered cost of hydrated lime 


(2) Determine the cost of a ton of each kind of lime ap- 
plied to the field, by adding $1.00 a ton. 


$ 4.25 + $1.00 = $ 5.25 cost of ton of limestone applied to land 
$12.00 + $1.00 = $13.00 cost of ton of burned lime applied to land 
$13.50 + $1.00 = $14.50 cost of ton of hydrated lime applied to land 


(3) Determine the pounds of calcium oxide secured in a 
ton of each kind of lime. 


98 per cent of 2000 = 1960 pounds X58 = 1097 pounds calcium oxide 
95 per cent of 2000 = 1900 pounds 1900 pounds calcium oxide 
90 per cent of 2000 = 1800 pounds X 54 = 1362 pounds calcium oxide 


I 


(4) Determine the cost of 2000 pounds of calcium oxide 
in each kind of lime. 


2000 X $ 5.25 = $ 9.57 cost in limestone 
2909 X $13.00 = $13.68 cost in burned lime 
2900 X $14.50 = $21.29 cost in hydrated lime 
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The limestone in this case is the cheapest, and the hydrated 
lime the most expensive. . In this same way, the cheapest source 
of lime can be determined by the same method for other 
compositions and prices. If the burned or the hydrated lime, 
contains any material amount of magnesium, credit it with 
additional acidity-correcting value, by multiplying the mag- 
nesium oxide by the fraction 19%, and adding the result to 
the content of calcium oxide, thereby securing a figure repre- 
senting the calcium oxide equivalent. 

D. Consider guaranteed analysis and price. In most states 
lime manufacturers are required by law to furnish a guarantee 
of composition of their product similar to that required of 
fertilizer manufacturers.11 A guarantee of fineness of lime- 
stone is also required in many states. With information 
relative to the composition of the available forms of lime as 
furnished in the guaranteed analysis, and with local delivered 
prices, the liming material can be judiciously selected for the 
individual farm. 

E. Select the liming material. Consider the composition 
of the different forms of lime available for use in the com- 
munity. Take into consideration the agreeableness of handling 
and the relative availability. In comparing the different 
sources of ground limestone consider the fineness of grinding. 
Finally, compare prices and buy the form of lime which, other 
things being equal, furnishes at the farm the greatest acidity- 
correcting or neutralizing value per dollar invested. 


3. ApPpuyInG LimE 


Where needed, lime should usually be applied once in the 
rotation. This would normally be once every three to five 
years, but if a longer rotation is followed, an additional appli- 
cation of lime may be found desirable. 


11 See Chapter VII for explanation of guaranteed analysis and sample 
fertilizer and lime law. 
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Procedure: 


A. Lime at the proper time. 
B. Apply at the proper rate. 
C. Apply in the proper way. 
D. Establish a definite liming practice. 


A. Lime at the proper time. Lime may be applied either 
in the spring or in the fall Since most plowing is done in the 
spring, this is the normal season for applying lime. The ob- 
jection to spring liming is that 1t may cause delay in the seed- 
ing of the spring crops. Also, the roads are often in poor 
condition for hauling at this season. Where the land to be 
limed is fall-plowed, apply the lime immediately after plowing. 
The lime remaining over winter in contact with the soil par- 
ticles will have become fully effective before the spring plant- 
ing. In the South, apply during the winter if the fields are 
plowed and sufficiently dry to permit harrowing. For spring 
liming, make the application just as early in the season as 
possible. Where clover or alfalfa is to be seeded, it is very 
essential that the lime be applied at least several weeks prior 
to seeding the legumes. 

B. Apply at the proper rate. Lime should ordinarily be 
applied once in the rotation. If the lime requirement is not 
great, make the initial application sufficient to satisfy the 
needs of the surface soil to plow depth, taking into considera- 
tion the tolerance to acidity of the crops to be grown. In some 
places the lime requirement is so high that the cost of suffi- 
cient lime to satisfy it is prohibitive. Some benefit will be 
secured under such conditions from the use of relatively light 
applications, provided the lime is applied just prior to the 
seeding of the clover so that it will be concentrated in the 
surface inch or two of soil. Until you can afford to supply 
sufficient lime for the crops grown, change the cropping system 
and grow crops which are more tolerant to acidity. 

For best results, use lime in sufficient quantity approx- 
imately to neutralize the acidity in the plowed soil. This is 
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essential for alfalfa and sweet clover, and probably necessary 
for the best results with red and white clover as well as with 
Kentucky bluegrass. Except where acid-loving crops are to be 
grown, or potatoes, there is little danger of permanent injury, 
provided the lime is well incorporated with the soil and the 
rate of application is not greatly in excess of the amount neces- 
sary to neutralize the surface soil. After the lime requirement 
has been adequately met, apply a ton of ground limestone or 
an equivalent amount of burned or hydrated lime once every 
four or five years.’ In liming permanent pastures, the rate 
of application need seldom exceed one ton of ground limestone, 
or its equivalent, to the acre.?° 

C. Apply in the proper way. Apply lime broadcast to the 
field, and do not put it in the row with the seed. Make the 
application after plowing rather than before. Harrow or disk 
the field thoroughly after the lime has been distributed in 
order to mix it with the top soil. The temporary injurious 
results which sometimes follow the heavy application of lime 
can usually be avoided by thoroughly incorporating the lime 
with the plowed soil. When the application is in excess of a 
ton and a half of ground limestone, or its equivalent, to the 
acre, apply half of it before plowing. 

When liming is adopted as a regular practice, which it 
should be on grain and hay farms where the soil needs lime 
for alfalfa or clover, a lime distributor is an essential part of 
the machinery equipment. With it, any of the pulverized 
forms of lime can be spread advantageously. The manure 
spreader can be used for distributing lime. Place a little straw 
or manure in the bottom to prevent the lime from sifting be- 
tween the slats of the apron. The rate of application can be 
controlled by the thickness of the layer of lime placed in the 
spreader, as well as by the regulation of the spreader itself. 
In general, applying by hand with a shovel is unsatisfactory. 


12See General Information at end of chapter for methods of deter- 
mining the amount of lime needed. 
13 See Chapter X for information on liming permanent pastures. 
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It is very difficult to get a uniform distribution without mak- 
ing an unduly heavy application. 

Lime may be applied the same year as manure or fertilizer, 
but, except under special conditions, it should not be mixed 
with these materials. Where manure is being applied the same 
year, broadcast it before plowing, and plow it into the soil. 


Fig. 1384. Appiyine Limestone wito Enpa@ats Distrisutor. (Holden 
Co., Peoria, Ill.) 


When liming is adopted as a regular practice, which it should be on grain and hay 
farms where the soil needs lime for alfalfa or clover, a lime distributor is an essential 
part of the machinery equipment. 


Apply the lime to the manured land after it has been plowed. 
Harrow or disk the lime into the soil, and distribute the fer- 
tilizer broadcast either prior to seeding or in the row at the 
time the crop is planted.* 


14 See General Information at end of chapter for experimental results 
with lime in addition to manure. 
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D. Establish a definite liming practice. Unless the soil 
is known to be adequately supplied with lime, a definite liming 
practice should be followed. First determine the lime need of 
the soil and make an initial application sufficient to assure 
success with the soil-improving legume of the rotation. If the 
soil is found to be extremely acid, plan to make two applica- 
tions of lime before seeding red clover, alfalfa, or sweet clover. 
Make the first application for the cultivated crop in the rota- 
tion, and the second after the land has been plowed for the 
legume, whether it is to be seeded alone or with a nurse crop. 
When the lime requirement is found to be less than a ton and 
a half of limestone or its equivalent to the acre, make only one 
application and that to the land plowed for the legume. After 
the lime requirement has been fully satisfied, the future appli- 
cations, made once every four to five years, should be made for 
the cultivated crop in the rotation rather than for the small 
grain in which the clover is seeded. In this way the lime will 
become thoroughly incorporated with the plowed soil prior to 
the seeding of the legume.’® 


GENERAL INFORMATION 
1. Composition or Liminc MATERIALS 


A. Chemistry of lime. Limestone rock, the source of prac- 
tically all agricultural lime, contains calcium or both calcium 
and magnesium in the form of carbonate. The chemical for- 
mula for calcium carbonate is CaCO3. When the stone is 
burned, carbon dioxide gas (COg) is given off into the atmos- 
phere. This change due to heating may be expressed thus: 


CaCO; aed COs = CaO 


15 See Chapter VII for specifications for the use of lime in field-crop 


rotations. 
16 See General Information at end of chapter for experimental results 


from systematic liming at Tenn. Exp. Sta. 
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Burned lime consists of calcium and oxygen. The formula is 
CaO, and the chemical name is calcium oxide. Any mag- 
nesium carbonate in the limestone would, on burning, change 
in a similar manner to magnesium oxide (MgO). Calcium 
has an atomic weight of 40, carbon 12, and oxygen 16. Cal- 
cium carbonate then would have a molecular weight of 
40 + 12+ (3 X 16) = 100. Calcium oxide (CaO) would 
weigh 40 + 16 = 56. Carbon dioxide (CO.), 12 + (2 X 16) 
= 44. Therefore, 100 pounds of pure calcium limestone— 
known chemically as calcium carbonate—contains 56 pounds 
of CaO and 44 pounds of CO,. The carbon dioxide will not 
reduce soil acidity; therefore, the 56 pounds of burned lime 
corrects just as much acidity as 100 pounds of limestone. To 
determine the amount of pure burned lime equivalent to a ton 
of pure limestone, take 5.8. of 2000 pounds, which is 1120 
pounds. Assuming that pure limestone costs a farmer $3 a 
ton delivered, then a ton of burned lime would be worth 2000 
of $3, or4.00 of $3, which is $5.36. 

When burned lime is exposed to the atmosphere it becomes 
air-slaked. The change is just the reverse of that which takes 
place in burning—the burned lime (CaO) absorbs carbon 
dioxide (COg), forming calcium carbonate (CaCOs). Air- 
slaked lime, then has the same chemical composition as ground 
limestone. 

Dolomitic limestone contains magnesium carbonate 
(MgCO3) which has an atomic weight of 84, that is 
24+12+ (3 X16). Eighty-four pounds of carbonate will 
correct the same amount of acidity as 100 pounds of calcium 
carbonate or 56 pounds of calcium oxide. 

When burned lime is treated with water, a chemical change 
takes place which we ordinarily call slaking. This chemical 
change produces heat. Water (H.O) unites with the burned 
lime (CaO) to form hydrated lime (Ca(OH).). The change 
can be expressed as follows: CaO + H,O = CaOH,0O, com- 
monly written Ca(OH)». 
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This hydrated lime weighs 74, that is (40 + (2 X 16) + 
(2X 1)). The water has no value in correcting acidity; 
therefore, the 74 pounds of hydrated lime corrects just as 
much acidity as the 56 pounds of burned lime. 

B. Composition table. In Table XXIII is given more de- 
tailed information relative to the composition of the different 
forms of lime. 


TABLE XXIII 


ComPosITION OF DIFFERENT Forms oF LIME 


Chemical Per Cent Average pes 
Name of Material Form of CaO when Purity pune 
Lime Pure Per Cent poeaval 
1 Ton CaO 
Wamestones.....2.. Carbonate 56.0 95 8759 
Burned lime....... Oxide 100.0 80 2500 
Hydrated lime..... Hydroxide 75.7 90 2937 


C. Factors for interpreting composition. The following 
factors may be used to change one form of lime to an equiva- 
lent amount of some other form. 


Calcium oxide < 1.79 = calcium carbonate 
Calcium oxide X 1.32 = calcium hydroxide 
Calcium carbonate < 0.56 = calcium oxide 
Calcium carbonate < 0.74 = calcium hydroxide 
Calcium hydroxide X 0.76 = calcium oxide 
Calcium hydroxide * 1.35 = calcium carbonate 
Magnesium oxide X 1.40 = calcium oxide 
Magnesium carbonate X 1.19 = calcium carbonate 


D. Gypsum. Calcium sulfate (CaSO4), often called gypsum 
or land plaster, is sometimes considered a form of agricultural 
lime. It was used very extensively by farmers at one time in 
the treatment of soils, but with the development of the modern 
lime and fertilizer industries its use has been replaced by more 
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efficient methods of liming and fertilization. Gypsum is still 
used in certain sections of the Northwest, particularly for 
alfalfa, where the beneficial effect is more often due to the 
sulfur than to the calcium. Gypsum should not be considered 
a liming material since it will not counteract soil acidity. Any 
benefit resulting from its use is due, largely at least, to the 
sulfur, or possibly to the calcium, acting as a nutrient to the 
crop. If lime and fertilizer are used, both of these elements are 
furnished in adequate amounts, so that except under special 
conditions gypsum should not be used. 

E. Wood and coal ashes. Wood ashes are of value in 
counteracting soil acidity. When unleached, a ton of wood 
ashes is equivalent to about 1000 pounds of ground limestone 
or 500 pounds of burned lime. They also contain certain 
plant-food elements other than calcium and magnesium, and 
may be of considerable value as a fertilizer. The potash con- 
tent is particularly high, and, where this element is deficient 
in the soil, wood ashes may prove a good fertilizer as well as an 
effective liming material. The beneficial effect of wood ashes 
is often due largely to the phosphoric acid which they contain. 
A ton contains as much phosphoric acid as 400 to 500 pounds 
of the average mixed fertilizer. Coal ashes, on the other hand, 
are of very little value as either lime or fertilizer. In fact, they 
are seldom worth the cost of applying to the land. The ap- 
plication of sifted coal ashes to heavy clay soils may improve 
the physical condition somewhat. 


2. THE HyDRoGEN-I0N CONCENTRATION AND THE PH SCALE FOR 
Mrasurine Sor Acipiry 


The degree of soil acidity is very often expressed in terms of 
the hydrogen-ion concentration of the soil solution.7 This 
hydrogen-ion method of measuring acidity necessitates the use 
of a scale by which soils may be classified according to the 
intensity of acidity or alkalinity. This so-called pH scale is 
shown in Fig. 135. 


17See page 51 for discussion of ions and ionization. 
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The degree of acidity is expressed 
in terms of pH, the intensity of acidity 
or alkalinity being shown by the pH 
number. A neutral soil, one that is 
neither acid nor alkaline, is repre- 
sented by pH 7. A smaller pH value 
than 7 indicates acidity, and the 
smaller the figure the greater the acid- 
ity. In the same way, figures larger 
than 7 represent alkalinity, and the 
larger the figure the greater the alka- 
linity. Soils are seldom more acid 
than pH 4.5, or more alkaline than 
pH 8.5. Productive farm soils gen- 
erally have a pH between 5 and 7. 
While in the pH scale the degree of 
acidity is expressed by the pH figure 
the value of the pH unit varies, de- 
pending on the intensity of acidity.*® 
For example, a soil with a reaction of 
pH 4 is 10 times as acid as one with 
a reaction of pH 5 and 100 times as 
acid as one with the reaction of pH 6. 
However, the soil does not require lime 
in the proportions these figures indicate. 

The matter of determining the exact 
amount of lime to apply to a soil, even 
on the basis of its hydrogen-ion con- 
centration, is further complicated by This scale compares pH 
certain soil characteristics influencing %wes with the terms often 
the effectiveness of lime in changing the aA Eee es ae 
pH reaction. For example, it requires an 
much more lime to produce a given 14.135. Tue pH 
change in a clay soil than in one sandy Scare. (Bul. 190, Nat. 
in character. Likewise, a soil well sup- Lime Assoc.) 


18 The acidity intervals vary logarithmically. 
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plied with organic matter, or one that is poorly drained, re- 
quires more lime to produce a given reaction. Although the 
pH scale may have some advantages over other methods in 
designating the intensity of acidity, it does not provide a simple 
and practical unit of measure. 

In order to make practical use of the pH scale in deter- 
mining the amount of lime to apply, it is necessary to know 
the approximate amount necessary to produce a given change 
in the pH reaction. Table XXIV gives approximate amounts 
in pounds of calcium oxide needed to the acre to produce the 


TABLE XXIV 


Pounps oF Catcium Oxipr REQUIRED TO THE ACRE TO CHANGE 
pH Reaction * 


. | From pH 6 | From pH 5.5} From pH 5 | From pH 4.5 
Classiof Soil to pH 7 to pH 7 to pH 6 to pH 6 
Sandaanenies 425 850 1275 1700 
LOEW oo 50 850 1275 1700 2125 
Clay ere 1275 1700 2125 2550 


* Bul. 190, Nat. Lime Assoc., Washington, D. C. 


specified change in pH for three distinct classes of soil. At 
best it should be considered merely as a guide.?® 

Another method of interpreting the pH reaction in liming 
practice is suggested by the National Lime Association. See 
Table XXV and discussion following. It takes into considera- 
tion variation in soil texture and organic-matter content of 
the soil, but fails to take into account the fact that the pH 
unit varies with the degree of acidity. However, like the 
preceding table, it may be used as a guide. 


Table XXV may be used as follows: If it is desired to 
change the reaction of a soil from pH 5.1 to pH 6.5 the difference 


19 For use of the pH scale in the acidifying of soils for the produc- 
tion of acid-loving crops, see page 466. 
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between these two numbers, or 1.4, multiplied by the amount of oxides 
required to change the reaction 1 pH (as shown in the above table) 
will be the total amount of oxides that must be applied. Thus, if the 
soil happens to be a sandy loam with a high content of organic matter, 
the total amount of the lime oxides required will be 1000 X 1.4 = 1400 
pounds lime oxides. 

In order to determine the amount of liming material required to 
supply 1400 pounds of lime oxides, divide 1400 by the percentage of 
total lime oxides contained in the material and multiply by 100. 


TABLE XXV 


GUIDE FOR DETERMINING THE RATE OF APPLICATION OF LIME * 


Approximate Pounds of Calcium Oxide Re- 
quired to Change Reaction 1.0 pH (Acre Basis) 


Type of Soil 
Low Organic | Medium Or- | High Organic 
Matter ganic Matter Matter 
Clay loams and silt loams 1500 1750 2000 
oarsmen cry nsr ee eee 1000 1250 1500 
Sands and sandy loams. 500 750 1000 


* Bul. 190, Nat. Lime Assoc., Washington, D. C. 


Thus, if the material to be used is hydrated lime with a total lime 
oxide content of 70 per cent, the amount required will be 2000 pounds. 


3. OrueR Metuops or DETERMINING THE AMOUNT OF 
Lime NEEDED 


There are several simple methods, other than the litmus- 
paper test, for determining the lime needs of the soil.2° The 
Teskit, the Richorpoor, the Truog, and the Soiltex methods 
are all practical. In most counties soil-testing service may 
be secured from the county agricultural agent. When desired, 
samples may be sent to the state agricultural college for test- 


20 See page 254 for litmus-paper test for acidity. 
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ing. Irrespective of the method used in testing, or by whom 
the test is made, it is essential that the sample be taken 
properly. 

In sampling, dig a hole 7 inches deep. With the spade, 
carefully straighten a side of this hole, and then shave off 
several pints of soil, being careful to get approximately the 
same amount for each inch of depth. In this way, sample the 
surface of a field in eight or ten different places, each of which 
appears representative of the field. 

To sample the subsoil, dig a hole to a depth of 2 or 3 feet, 
and in the same manner shave off a representative slice of soil 
from the bottom 6 inches. A soil auger, if available, should 
be used instead of a spade for sampling both surface soil and 
subsoil. In taking a subsoil sample with an auger be careful 
to remove any surface soil that may adhere to the core of 
subsoil as it is removed. If vegetative growth indicates little 
or no acidity, it is well to pour a few drops of dilute hydro- 
chloric acid on the subsoil sample. If the acid bubbles on com- 
ing in contact with the soil, excess carbonates are present and 
further testing is unnecessary. 

The surface-soil samples may be numbered and each tested 
separately if time permits or if a lime-requirement map is to 
be made. Otherwise, mix these samples thoroughly and take a 
small representative sample for testing. If the field tested is 
large or if variation in acidity is indicated by differences in 
vegetative growth, sample the field in sections, securing a com- 
posite sample of surface soil from each section, or test each 
sample separately and construct a lime-requirement map of 
the field. 

The Teskit and the Soiltex may be used in the field since 
it is not necessary to dry the soil before testing. For either the 
Richorpoor or the Truog test the soil should be thoroughly 
dried. 

A. Teskit test. This is a simple colorimetric test of the 
pH reaction of the soil. The accurate determination of the pH 
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reaction of a soil requires a potentiometer which can be op- 
erated only by one trained in laboratory technique. Several 
colorimetric testing outfits are available with which the ap- 
proximate pH of a soil may be determined. The Teskit is the 
simplest and probably that best suited to the requirements of 
farmers or vocational students. It consists of a standard solu- 
tion, a porcelain block, and a color chart. A small repre- 
sentative sample of soil is placed in one end of the depression 
in the porcelain block. The solution is added in slight excess 
of amount to saturate the sample. This excess after passing 
through the sample is drained to the opposite end of the depres- 
sion in the block and the color compared with the chart. The 
solution on coming in contact with the sample is changed in 
color depending on the degree of acidity of the soil. 

The Morgan test is a more elaborate colorimetric method 
which employs four solutions instead of one. It is operated 
similarly to the Teskit and gives more reliable results. 

B. Richorpoor test. A properly prepared potassium thio- 
cyanate solution is needed for this test. Place approximately 
one inch of the dried soil in a test tube or a small medicine 
vial. Pour in sufficient Richorpoor solution (potassium thio- 
cyanate) to cover the soil to a depth of 1 inch in addition to 
saturating it. Place the thumb over the opening and shake 
vigorously for about one minute. Let the soil settle. Shake 
again and let stand 15 to 20 minutes. If the solution remains 
colorless, the soil is not acid. The degree of acidity is shown 
by the intensity of the red color of the solution. Compare with 
color chart or with color of solution from soil of known acidity 
which has been used as a check. 

C. Soiltex test. Place about one-fourth teaspoonful of soil 
in a small dish or on a creased piece of wax paper. Saturate 
with the bluish-green Soiltex solution, by adding slowly, drop 
by drop, to one edge of the soil. Add several drops in excess 
of the amount needed for saturation. After the solution has 
been in contact with the soil for one minute, tip the dish or 
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paper so that the excess solution drains from the opposite side 
of the soil from that to which it was applied. If the solution 
coming from the soil is blue to bluish-green, the soil does not 
require lime. A yellowish-green to yellow color indicates 
acidity. Compare the color of the solution that has passed 
through the soil with the color chart of the Soiltex test. 

D. Truog test. Place exactly 10 grams of the dried, pul- 
verized soil in a 250-cc. Erlenmeyer flask. Add 5 ce. of cal- 
cium chloride-zine sulfide solution (the reagent furnished by 
the manufacturers of the Truog test). Add 75 ce. of distilled 
water, shake, and boil for one minute. Moisten a piece of 
lead acetate paper with distilled water and place across the 
mouth of the flask. Continue to boil for exactly two minutes. 
If the soil is acid, the paper will be darkened. The darker 
the paper the more acid the soil. Compare color of lead 
acetate paper with color chart furnished by the manufacturers 
of the Truog test. 

E. How to make a lime-requirement map. Draw a rough 
sketch of the field to be mapped. Divide the field into 
a number of areas of approximately 1 acre each. Number 
them. Locate these acre areas in the field and take a sample 
of surface soil from the approximate center of each. Number 
the samples to correspond to the number assigned to the re- 
spective acre division of the field. Test the samples by means 
of one of the standard methods, and record the results in terms 
of limestone requirement on the respective acre areas of the 
map. The areas with different limestone requirements can 
now be outlined on the map. Color each area and prepare a 
legend giving the amount of lime indicated by each color used. 

Sample the subsoil in the center of each quarter of the 
field. Test for carbonates with hydrochloric acid. If carbon- 
ates are not present, test the subsoil as you did the surface, 
and record the degree of acidity on the respective areas of the 
map. 
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4. How Lime Benerits tHE Sor. 


It is not acidity itself that injures crops. The injury is 
due to the development in acid soil of conditions which may 
be unfavorable to plant growth. To understand the beneficial 
effect of lime, it is necessary to know something about the 
relationship of acidity to certain soil factors which affect the 
growth of crops. 

Aluminum is a constituent of agricultural soils. It nor- 
mally occurs in relatively large amounts and, when in a soluble 
form, it may have a toxic or poisonous effect on certain plants. 
Solubility of aluminum in soils increases as the acidity be- 
comes greater. If lime is applied in adequate amounts, the 
aluminum is changed to an insoluble form which does not 
injure even the sensitive crops.?? 

Commercial fertilizers will seldom produce maximum 
benefit on extremely acid soils. Under such conditions the 
available phosphoric acid of the fertilizer may combine with 
iron or aluminum, thereby becoming unavailable. The use of 
the fertilizer material, sulfate of ammonia, increases acidity; 
and when applied to acid soils for ordinary crops, additional 
lime should be used. 

Certain soil organisms, particularly the beneficial soil bac- 
teria, do not thrive in a very acid soil. The application of 
lime makes the soil more favorable for their functioning. At 
the same time, other organisms, such as fungi, which may 
injure crops, appear to be less active in soils well supplied with 
lime. It would seem that the legume bacteria, and possibly the 
independent nitrogen-gathering organisms of the soil, function 
more efficiently when an acid soil is limed. The Ohio Experi- 
ment Station reports finding nearly twice as many bacteria in 
the surface soil of a limed plat as in that of an unlimed plat.?? 
At the same time, the fungous content was found to be reduced 
by liming to one-fourth that of the unlimed plat. 


21 See Chapter I for essentials of chemistry. 
22 Ohio Exp. Sta. Bul. 382. 
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Lime is essential for the normal decomposition of soil 
organic matter. When it is applied to a very acid soil, the 
rate of decomposition may be hastened, and as a result the 
plant-food in the organic matter is made available more rap- 
idly. Lime also lessens the possibility of poisonous residues’ 
accumulating in the soil as the organic matter decomposes. 
Properly limed soils seldom become toxic to the common farm 
crops. 

Lime may also be beneficial as plant-food. Calcium and 
magnesium are both essential elements of growth. The for- 
mer is always an important constituent; the latter is found 
in most of the lime used in the treatment of soils. Crops 
such as alfalfa and clover, which respond so well to lime, are 
known to need relatively large amounts of calcium as a 
nutrient. 

When applied in large amounts to heavy clay soils, lime 
improves the physical condition. In practice, lime is seldom 
applied in sufficient quantities to loosen a clay soil materially. 
The benefit of lime in this respect has been overrated. 


5. How Lime May Insure Puants 


Overliming may do as great injury as excess soil acidity. 
While all the factors responsible for such injury are probably 
not fully understood, one important cause of injury is the 
effect of excess lime on the availability of certain soil nutrients. 
Both boron and manganese become less available to plants; 
likewise, the effectiveness of phosphatic fertilizer materials 
may be reduced. No doubt other changes of a chemical and 
biochemical nature unfavorable to the growth of plants may 
take place in the soil complex as the result of overliming. 


6. EXPERIMENTAL RESULTS 


The value of lime on acid soils has been demonstrated time 
after time through field tests conducted by farmers, and 
measured by many carefully conducted experiments on farms 
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of various experiment stations. Brief summaries of several 
of the well-known lime experiments are given in the following 
paragraphs. 

A. Pennsylvania results. Table XXVI gives the results 
over a forty-year period from burned lime used in addition 
to manure, in a four-year rotation of corn, oats, wheat, and 
mixed hay. The lime has been applied at the rate of 2 tons 
of burned lime to the acre, once in four years for corn, and 
manure at the rate of 6 tons to the acre has been applied in 
alternate years for corn and wheat. Although the increased 


TABLE XXVI 


PENNSYLVANIA RESULTS—LIME wiITH MaANuRE 


Yields 
Value of 
Treatment I * 
ncrease 
Bu. Corn] Bu. Oats | Bu. Wheat] Lbs. Hay 
Manure and lime 63 44 24 cL DPR Wem oie 1 Ue Sita 
IVES IMUTO csr. en 3 56 42 24 Cree Nee awa 
Increase........ i 2 0 419 $7.10 


* Same crop valuations used as for Table XVII. 


yields have not been sufficient to pay for the cost of the lime 
treatment, it should be borne in mind that the rate of applica- 
tion has been excessive. 

At the end of the first forty-year period, part of the plats 
in the old Pennsylvania fertilizer experiment were limed. In 
discussing the results at the end of an additional eight-year 
period, Noll, Gardner, and Irvin summarize the results as fol- 
lows: 


After forty years without lime, there was an increase from liming 
with every treatment; the greatest was where sulfate of ammonia 
had been used. 
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Results of an additional ten-year period have not materially 
modified these figures. 

The effectiveness of limestone compared with hydrated 
lime on clover and timothy hay over an eighteen-year period 
has been determined in another experiment in Pennsylvania. 
In summarizing the results, J. W. White states: 


The average of the three rates of application shows a production 
of 2412 pounds (hay) for limestone and 2504 pounds for hydrated 
lime, a difference of 92 pounds in favor of hydrated lime. The vege- 
tation on the unlimed area consisted of weeds and was of no economic 
value. The relatively small differences (between the limestone and 
hydrated-lime treatments) may be attributed to soil variations and 
other unavoidable experimental errors. 


B. Ohio results. At the Ohio Experiment Station, lime has 
been applied since 1900 to one-half of each plat of a fertilizer 
experiment in which a rotation of corn, oats, wheat, clover, 
and timothy has been grown. During the first five years in 
which crops were harvested separately from the limed and 
unlimed halves of the plats, lime increased the yields 21 
per cent. The increases in the second, third, and fourth rota- 
tions were 23, 55, and 84 per cent, respectively. In discussing 
these results, C. G. Williams, the late director of the Ohio 
Experiment Station, wrote: 


Clover has shown the largest relative effect from liming, corn 
next, and oats least, though there has been some variation in different 
periods. The general effect has steadily increased from period to 
period, the average increase produced by liming having amounted to 
more than four-fifths of the unaided yield of the land during the last 
five years of the twenty-year period.?# 


In a further discussion of these Ohio results the following 
summary has been made: 


23 Ohio Exp. Sta. Bul. 381, p. 252. 


EXPERIMENTAL RESULTS 283 


The average value of the crops less the cost of lime has been $79.16 
per acre on plats which received lime but no fertilizer. On the ferti- 
lized but unlimed plats the value of the crops less the cost of fertilizer 
has been $46.57. Stated differently, limestone alone has increased the 
crops 183 per cent, while fertilizer alone has increased the crops 
145 per cent.?4 


In Table XXVII are given the results of another Ohio 
experiment which deals with the effectiveness of coarse and 
fine limestone and with hydrated lime.?®> According to the 
valuations of crops and treatments estimated by the Ohio 


TABLE XXVII 


Ou1o RESULTS witH LIME 


oe Cost of 
Treatment Value of Paine Balance 
Liming 
Increase 
Coarse limestone, 2 tons per acre........ $13.97 | $7.00 | $ 6.97 
Coarse limestone, 4 tons per acre........ 21.61 14.00 7.61 
Fine limestone, 4 tons per acre.......... 26.09 20.00 6.09 
Fine limestone, 2 tons per acre.......... 21.06 10.00 11.06 
Hydrated lime, 13 tons per acre........ 23.79 15.00 8.79 


Experiment Station, the fine limestone applied at the rate of 
2 tons to the acre has produced the largest net returns. 

C. Tennessee results. The effect, over an eight-year 
period, of a 2-ton application of ground limestone is given in 
Table XXVIII. These results were secured at the West Ten- 
nessee Experiment Station at Jackson. In a similar experi- 
ment at Knoxville, a ton of burned lime, applied in addition 
to manure and fertilizer, gave increases in corn, wheat, and 
hay, over an eight-year period, valued at $27.04. 


24 Ohio Exp. Sta. Bul. 382. 
25 Ohio Exp. Sta. Bul. 260. 
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TABLE XXVIII 


TENNESSEE Lime RESULTS * 


Value of Valgnnt 
Crop Acre Increase Bu. or Ton I 

ncrease 

of Crop 
2 crops cowpea hay..... 0.92 ton $12.00 $11.04 
2 crops wheat.......-.- 6.10 bu. 1.00 6.10 
2 crops clover hay...... 2.29 tons 12.00 27.48 
GARY 9) OHIO, o pee ages 46.10 lbs. seed cotton | ...... 2.50 
ICropECOnOine eae 6.10 bu. 75 4.58 
Total value of increase from 2 tons of limestone............. $51.70 


* Tenn. Exp. Sta. Bul. 119. 


Field tests were conducted in eleven different places in 
Tennessee over a period of five years to determine the relative 
effectiveness of different forms of phosphorus on limed and 
unlimed land. The results as recorded in Table XXIX show 
the effectiveness of lime on corn, wheat, and hay. 


TABLE XXIX 


TENNESSEE RESULTS SHOWING THE EFFECTIVENESS OF LIME WITH AND 
WITHOUT SUPERPHOSPHATE 


Corn Wheat Hay 
Trcnetene (50 Crops) (40 Crops) (28 Crops) 
Bushels Bushels Pounds 

INONG ie cdc eee ee 2) 1618) 2307 
Lam ere tke eee eee Pt BS 9.8 3189 
Increase from lime............ Deal 1.9 882 
Superphosphate.............. 28.9 ACh 3070 
Lime and superphosphate...... 34.6 20.4 4410 
Increase from lime............ On i. 1340 
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COMMUNITY STUDIES 


1. Visit several clover and alfalfa fields in the community. Test the 
surface soil with litmus paper in areas of good and poor alfalfa or clover. 
Is there any difference in the acidity as indicated by litmus? 

2. By the use of dilute hydrochloric acid, determine whether or not 
the subsoil is calcareous. 

3. Secure representative samples of surface soil, and of the subsoil 
also if it is not calcareous. Dry these samples and determine the lime 
requirement by means of one of the standard acidity tests. 

4, Make a lime-requirement map of a 5- to 10-acre field in accord 
with directions given on page 278. 

5. Determine and record the liming practice on several of the better 
farms of the community. This should include the kind and amount of 
lime used, the source of lime, the composition, and, for ground lime- 
stone, the fineness, the method, the rate of application, and the crop 
for which applied. 


PROBLEMS 


1. If a soil has a limestone requirement of 3000 pounds to the acre of 
pure calcium limestone (CaCO3), how many pounds of pure burned lime 
(CaO) would be required to neutralize the acidity of the surface soil of 
an acre? How many pounds of pure hydrated lime (Ca(OH)»)? 

2. If pure hydrated lime costs $15 a ton, how much would a ton of 
pure calcium limestone be worth? A ton of pure burned calcium lime? 

3. Determine the cost of 2000 pounds of calcium oxide applied to the 
land in each of the three forms of lime at the following prices, when it 
costs 75 cents a ton to apply the material: ground limestone, 95 per cent 
total carbonates, at $2.50 a ton, $1.50 freight; ground burned lime, 97 per 
’ cent calcium oxide, at $10.50 a ton, $2.50 freight; hydrated lime, 92 per 
cent calcium hydroxide, at $12.50 a ton, $2.75 freight. At these prices, 
which form should be purchased? 

4, On the basis of figures in Table XXIV, how many pounds of 90 per 
cent pure limestone would be required to the acre to neutralize a loam 
soil with a reaction ‘of pH 5? 

5. Using the figures in Table XXV, how many pounds of 90 per cent 
pure limestone would be required to neutralize a loam soil with a me- 
dium organic-matter content and a reaction of pH 5? 

6. Based on results of the Ohio Experimental Station (Table X XVII), 
which is the cheaper form of lime: fine limestone at $8.00 a ton, or hy- 
drated lime at $12.00 a ton, when the rate of application is 2 tons of 
limestone and 1% tons of hydrated lime? 
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CHAPTER VII 
FERTILIZING 


Practically all farmed soils of the eastern half of the 
United States which have been cropped for as long as ten years 
will respond to some form of fertilizer. Ultimately, all cropped 
soils will require 
fertilization. The 
elements most of- 
ten needed are 
nitrogen, phos- 
phorus, and potas- 
sium. Commercial 
fertilizers, used to 
supplement the soil 


supply of plant- fy, 136. Tue Benerit or FERTILIZER ON Hay; 


food, contain one Practically all farmed soils of the eastern half of the 

or more of these United States which have been cropped for as long as ten 

elements Their years will respond to some form of fertilizer. Ultimately, 
3310 all cropped soils will require fertilization. 


composition is 

commonly expressed in terms of nitrogen, phosphoric acid, and 
potash. Various kinds of commercial chemicals and by- 
product materials, containing one or more of the three plant- 
foods, are used in the manufacture of mixed fertilizers. The 
materials used, such as nitrate of soda, superphosphate, and 
muriate of potash, are known as fertilizer constituents, in- 
gredients, chemicals, or carriers of plant-food. A knowledge 
of their main characteristics and of their composition is of 
value in the development of an efficient fertilizer practice for 
the farm. 


1See General Information at end of chapter for discussion of fer- 
tilizer materials. 
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A mixed fertilizer is one containing two or more fertilizer 
ingredients. If it contains the three plant-foods—nitrogen, 
phosphoric acid, and potash—it is termed a complete fertilizer. 
If it contains only two of the constituents, it is called an 
incomplete fertilizer. 

Superphosphate invariably is an important ingredient of 
factory-mixed fertilizers. It constitutes from 1000 to 1500 


Fia. 137. A Farmers’ Cooperative Fertitizer Factory (Cooperative 
G. L. F. Exch.) 


Manufacturers in general use care in the selection of constituents, making certain 
that the plant-food is in an availakle form and suited to the crop to be fertilized. 


pounds of each ton of most mixtures of standard concentra- 
tion. The larger manufacturers have their own acidulating 
plants in which they produce the superphosphate.? The other 
fertilizer materials are purchased by most manufacturers and 
mixed with the superphosphate to produce mixtures of the 
desired composition. In the manufacture of mixed fertilizers, 


2See General Information at end of chapter for explanation of the 
manufacture of superphosphate. 
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precaution is taken to incorporate an amount of some material 
possessing sufficient drying properties to prevent lumping, 
so that the fertilizer can be applied to the soil by means of 
fertilizer drills. Such a material is called a dryer or condi- 
tioner. Manufacturers in general use care in the selection of 
constituents, making certain that the plant-food is in a form 
available to plants and suited to the crops to be fertilized. 
By varying the amounts of the materials they are able to 
produce a mixture of any desired composition, within certain 
limits of concentration. Sand or other inert material may be 
incorporated in small amounts to produce the desired concen- 
tration. Such material is called filler. 


Operations: 


1. Planning the fertilizer practice. 

2. Determining when to use superphosphate and potash. 
8. Selecting mixed fertilizers. 

4. Applying mixed fertilizers. 

5. Home-mixing fertilizers. 


1. PLANNING THE FERTILIZER PRACTICE 


In the development of a sound fertilizer program for any 
system of farming, it must be appreciated that there can be 
no best composition of fertilizer for any one crop on all soils, 
nor for all crops on any one soil. 

Fertilizers should be used to supplement the soil supply 
of plant-food, the manure available, and the nitrogen collected 
by the growth of legumes in the crop rotation. For this reason 
superphosphate is of primary importance as a fertilizer for 
most field crops on most soils, whereas nitrogen and potash 
need be applied in the form of fertilizer only for certain crops 
and soils. It is apparent, then, that there can be no such thing 
as a “balanced ration” for crops or a “balanced fertilizer” for 
soils. 

Although the character of both the soil and the crop should 
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be considered in determining a fertilizer program, the rotation, 
the manure supply, the residual effect of fertilizer treatments, 
the cost of fertilizer, the price of crops, the expenditure to be 
made for fertilizer, the value of the land, and the system of 
land tenure are all of such importance that they deserve 
careful consideration. 

Soils. Although, as previously explained, the chemical 
elements required by plants are present in all soils, the amount 
of one or more present in a form which the plant can use may 
be insufficient for satisfactory growth. It is the available 
plant-food in the soil that determines the fertilizer needs. For 
this reason a chemical analysis that shows the total amount 
of nutrients present is of little practical value as a guide in the 
selection of a fertilizer. Recently developed methods of 
testing soils for available nutrients have very definite limita- 
tions in determining the fertilizer needs, especially of soils 
used for the production of field crops. 

Crops. Although crops vary in chemical composition, the 
selection of a fertilizer should not be based on crop require- 
ments alone. In general, plants contain less phosphoric acid 
than either nitrogen or potash, and in their economic fer- 
tilization more phosphoric acid than either nitrogen or potash 
is ordinarily required. The value of crops and the intensity 
with which they are produced are of greater importance than 
their chemical composition in the selection of a fertilizer. 

Since the legumes, such as alfalfa and clover, are capable 
of utilizing atmospheric nitrogen, little or no nitrogen need 
be applied in their fertilization. Corn requires a large amount 
of nitrogen, but for the profitable production of grain and 
silage, much of this nitrogen must be supplied from other 
sources than fertilizers. The root and tuber crops have a 
high potash requirement based on composition, but in their 
fertilization phosphoric acid should be applied in as large or 
larger amounts than potash. Fruit crops, though not ab- 
normally high in nitrogen, are often found to require only 
nitrogen as a fertilizer. The chemical composition of the crop 
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is, after all, of minor importance in determining the kind and 
amount of fertilizer which it should receive. 

Rotations. The common practice of basing fertilizer recom- 
mendations on the individual field crop and ignoring the rota- 
tion is unsound and results in an inefficient system of fertiliza- 
tion. A crop following sod, especially a legume sod, should be 
fertilized differently from one following a cultivated crop. In 
selecting a fertilizer for small grain, the composition and the 
amount which should be used will depend on whether a hay 
seeding is made with the small grain, and, if so, on the char- 
acter of the seeding. The individual crops affect differently 
those crops which follow, and this fact must be considered in 
selecting a fertilizer. 

Manure. The application of manure normally justifies a 
change in the composition and often the amount of fertilizer 
to be used. Since manure is high in nitrogen and potash and 
low in phosphoric acid, where it has been applied to the land 
less nitrogen and potash are needed in the fertilizer. Either 
superphosphate alone or a fertilizer high in phosphoric acid ~ 
should be used for a manured crop. 

Residual effect from previous fertilizer treatments. Fer- 
tilizers have a marked residual effect over a period of several 
years. In a rotation the beneficial effect on crops following 
the one receiving the fertilizer is due to the residual effect of 
the phosphoric acid or the potash and not of the nitrogen, for 
any nitrogen in the fertilizer that is not used by the crop 
fertilized will largely have leached away before the next 
season. There is virtually no loss of phosphoric acid by 
leaching and little loss of potash except in sandy or gravelly 
soils. It is for this reason that heavy applications of super- 
phosphate, or potash salt, may be made at long intervals 
except on soils with a high-fixing capacity for either phos- 
phorus or potash or both. If a high-value crop, such as pota- 
toes, enters into a field-crop rotation, enough fertilizer for the 
whole rotation may often be applied advantageously to this 
one crop. 
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Fertilizer materials differ in their residual effect on soil 
acidity. Most mixed fertilizers increase acidity, though there 
are now on the market mixtures which have a neutral residual 
effect. Failure to consider the residual effect of previous ap- 
plications of fertilizer or manure invariably results in the 
unwise selection of fertilizers. 

Relative cost of constituents. The proportion of the dif- 
ferent plant nutrients to use, as well as the amounts of each, 
depends on their relative cost. If phosphoric acid is purchased 
as superphosphate, a more liberal amount may be used than 
when bought as part of a mixed fertilizer. The purchase of a 
concentrated mixed fertilizer, instead of one of low analysis, 
may effect a saving of as much as 20 per cent. The use of 
potash may often be justified if purchased as muriate of potash, 
whereas the higher cost of the potash in a 0-12-5 mixed fer- 
tilizer would make its use unwarranted. 

Price of crops. In periods of either high or rising crop 
prices, a more expensive system of fertilization may be justified 
than in periods of either low or falling crop prices. This 
applies not only to the amount of fertilizer to be used but to 
the proportion of plant-food as well. 

Expenditure for fertilizer and rate of application. One of 
the most important considerations in the selection of a fer- 
tilizer, and the one most often overlooked, is the amount of 
money to be spent to the acre for fertilizer. If only a few 
dollars can be spent, the fertilizer, for most soils and crops, 
should consist largely of superphosphate, but as the expendi- 
ture for fertilizer increases a larger proportion of it may be 
spent for nitrogen and potash. Where a mixed fertilizer is 
being used, the ratio should in general be narrowed as the rate 
of application is increased. The kind and the composition of 
the fertilizer, then, should be modified with the rate of appli- 
cation of plant nutrients, or more accurately stated, with the 
amount to be spent for the fertilizer. 


3 See page 304 for definition of fertilizer ratio. 
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Value of land. The more valuable the land farmed, other 
things being equal, the greater is the amount justified for its 
fertilization. The fertilizer treatment to be used on $25- to 
$75-an-acre land of the general farmer must of necessity cost 
less than that applied to $300-an-acre land of the vegetable 
grower. Likewise, if crops are produced under glass, the value 
of land and equipment is so great that very liberal and costly 
fertilization can usually be justified. 

Tenure of land. A tenant system of farming without se- 
curity of tenure or compensation for unused fertility is never 
conducive to soil improvement, or, in fact, to an economically 
sound fertilizer practice. The tenant of necessity selects fer- 
tilizer for its immediate effect and plans to apply it in such 
a manner as to obtain, so far as possible, the full effect on the 
crop fertilized without regard to its ultimate effect on the soil. 
Very little progress has been made in this country in develop- 
ing leasing contracts that make possible the efficient use of 
fertilizers in tenant farming. Until a radical change is made, 
tenant farming will continue to result not only in uneconomi- 
cal production but in soil depletion as well. An owner with 
a reasonable assurance that the land will be farmed by himself 
or his family during the future is justified in establishing a 
long-time fertilizer practice which will maintain or increase the 
fertility of the soil. 


2. DETERMINING WHEN TO USE SUPERPHOSPHATE AND POTASH 


In establishing an economical system of fertilization, one 
of the first things to determine is the extent to which super- 
phosphate, or other phosphatic fertilizer material, will satisfy 
the needs for good crop yields. Where low-value crops, in- 
cluding grain, hay, and silage, are produced, as well as in 
the fertilization of permanent pastures, the expenditure for 
mixed fertilizers may be largely if not entirely avoided. By 
adjusting the rotation to include a legume every three to five 
years and providing for the efficient utilization of the farm 
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manure, considerable saving may be made by using fertilizer 
materials such as superphosphate.* 


Procedure: 


A. Use superphosphate, rock phosphate, or basic slag. 

B. Apply superphosphate with a fertilizer drill or with a lime 
distributor. 

C. Prevent the lumping of superphosphate. 

D. Use potash when needed. 


Fig. 138. Brnericia, Errect or SuPERPHOSPHATE ON CoRN AT THE 
Ruope Isuanp EXPERIMENT SratTion. Lerr: No TREATMENT. RIGHT: 
SUPERPHOSPHATE. 


In establishing an economical system of fertilization one of the first things to deter- 
mine is the extent to which superphosphate, or other phosphatic fertilizer material, will 
satisfy the needs for good crop yields. 


A. Use superphosphate, rock phosphate, or basic slag. 
Superphosphate, sometimes called acid phosphate, or acid rock, 
even though manufactured by treating rock phosphate with 
sulfuric acid, does not, when applied to well-drained soils, 


4 See Chapter VIII for information on leguming land and Chapter IX 
for information on fertilizing field-crop rotations. 


Fic. 139. BrErnrEFITS FROM SUPERPHOSPHATE IN A THREE-YEAR ROTATION 
or Corn, Oats, AND CLOVER. 


Fertilizer Treatment. Left to Right: None. Manure. Manure, Lime and Super- 
phosphate. Lime and Superphosphate. 

By adjusting the rotation to include a legume every three to five years, and providing 
for the efficient utilization of the farm manure, considerable saving may be made by 
using superphosphate, 
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increase the need for lime. In fact, where superphosphate is 
used, less rather than more lime is needed for alfalfa and 
clover. Basic slag materially reduces soil acidity.» Rock 
phosphate and bone meal, while having little effect on acidity, 
lessen rather than increase the amount of lime needed for 
legumes. 

The effective use of superphosphate makes it necessary 
that the nitrogen needs of the crops be furnished through the 
growing of legumes or the return of farm manure. At the 
same time the potash requirements must be supplied through 
the conservation of the liquid manure and the return of organic 
matter to the soil. On well-managed livestock farms these 
requirements are largely met, with the result that expensive 
mixed fertilizers can be re- 
placed by superphosphate 
or one of the other phos- 
phatic materials. 

Where legumes fail in 
the rotation, and manure is 
not applied, superphos- 
phate alone will not be 
permanently beneficial. It 
may give good results for 


Tig. 140. REsuLts or A FERTILIZER ON 


Corn. Lerr to Rigut: No Treat- a few years without leg- 
MENT. NITROGEN AND PorTasH. Suvu- umes or manure; but, 
PERPHOSPHATE. Rock PHOSPHATE. 


even on rich soils, provi- 
Where conditions are made favorable su- 


perphosphate, or some other one of the 
phosphatic materials, when used for grain 
and hay crops, will give greater returns than 
an equal investment in mixed fertilizers. 


sion must be made to re- 
plenish the nitrogen and 
organic-matter supply or 


else superphosphate will 
prove inadequate as a fertilizer. Where conditions are made 
favorable, use superphosphate or some other one of the phos- 
phatic materials for grain and hay crops, as greater returns 
will be secured from it than from an equal investment in 


5See Table XX XI for information on the effect of fertilizing ma- 
terials on soil acidity. 
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mixed fertilizers. When properly used, rock phosphate gives 
excellent results. 

Of most importance is the fineness of grinding. Rock 
phosphate should be ground so fine that practically all of it 
will pass through a 100-mesh sieve. Only when finely ground 
does the phosphorus, even under favorable soil conditions, 
become available to crops at a rate sufficiently rapid to be 
satisfactory. The rate of application should be 600 to 1000 


Fia. 141. A Goop YreLp or Grain as A Resuut or Rock PHOSPHATE. 
(Frank I. Mann, Gillman, II.) 


When properly used, rock phosphate gives good results with grain and hay crops. 


pounds to the acre. Broadcast and plow into the soil with a 
green-manure crop, or apply with farm manure. When used 
in this way, rock phosphate will give good results with grain 
and hay crops. A single application of 600 to 1000 pounds 
to the acre will suffice for a three-year to a five-year rotation. 
It gives better results on low- than on high-lime soils, and its 
effectiveness appears to be reduced when lime is applied. 

B. Apply superphosphate with a fertilizer drill or with a 
lime distributor. Superphosphate should be applied with a 
fertilizer drill or by means of the fertilizer attachment on the 
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grain drill or planter. When applied in connection with seed- 
ing a crop, the rate of application should not exceed 300 pounds 
to the acre unless provision is made to prevent it from coming 
in contact with the seed.® The better way is to apply the 
superphosphate with a lime sower as a separate operation. 
This should be done after the field is plowed, so that it will be 
thoroughly mixed with the soil during the preparation of the 


Fig. 142. Appityinc SUPERPHOSPHATE WITH A Lime DisTRIBUTOR. 


The better way is to apply the superphosphate as a separate operation with a lime 
sower. 


seed-bed. Heavy applications can be made in this way with 
perfect safety. 

The rate of application of superphosphate should be 
equivalent to at least 100 and preferably 150 pounds for each 
crop of the rotation. Even a larger amount may be advisable 
for the first several rotations, particularly where phosphorus 
has not been applied regularly in past years. The application 


6 Rate of application of superphosphate refers to the 20 per cent 
grade. If a more concentrated grade such as the 32 or the 45 per cent 
grade is used, reduce proportionately the rate of application. 
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need not be made each year. Instead of 150 pounds annually, 
300 pounds may be applied every two years, or 450 pounds 
every three years. Even though the phosphoric acid in super- 
phosphate is largely soluble in water, it does not leach out 
of the soil. That not used by the first crop treated will be held 
by the soil for the use of future crops. The livestock farmer 
should apply superphosphate or rock phosphate in conjunction 
with farm manure, as explained in Chapter V. 

C. Prevent the lumping of superphosphate. If superphos- 
phate is applied with either the fertilizer drill or the lime dis- 
tributor, it is essential that it be in good mechanical condition. 
Lumpy material cannot be distributed satisfactorily. Where 
it is used with manure, lumping need give little concern, since 
the lumps break down upon coming in contact with the moist 
manure. Superphosphate purchased during the early part of 
the spring fertilizer season is, as a rule, more thoroughly cured 
than that obtained in late shipments. When superphosphate is 
properly made and thoroughly cured before it is bagged, it will 
remain in good condition for drilling if properly stored. When 
the bagged superphosphate is held for several weeks or more, 
make provision for proper storing. It should never be stored 
on a dirt or concrete floor. Unless a dry, board floor is avail- 
able, boards or straw should be placed under the bags. The 
bags should never be piled to any great height, as the weight 
on the lower sacks in the pile may be sufficient to cause 
caking. Where floor space will permit, set the bags on end 
instead of piling, even in a low pile. An occasional shifting 
of the sacks will still further lessen the tendency of the ma- 
terial to lump.’ The granular form of superphosphate is less 
subject to lumping than the powdered, and the phosphoric 
acid in it is as effective. 

D. Use potash when needed. Some soils are as deficient 
in potassium as in phosphorus. Those of a sandy or gravelly 
character, as well as peats and muck, are more often in need 


7See page 337 for information on storing mixed fertilizers. 


300 FERTILIZING 


of potash than are the heavier loams and clays. Even where 
soils are naturally well supplied with potash, provision must 
be made to replenish the supply or else they, too, will ulti- 
mately develop a potash deficiency. 

In livestock farming most of the crops grown are fed to 
livestock and frequently additional feed is purchased. Since 
much of the potash in the feed is regained in the manure, 
this type of farming largely or entirely replenishes the potash 
supply of the soil, and the purchase of fertilizer potash thus 
becomes unnecessary. However, where grain, hay, or other 
crops are mostly sold from the farm, it soon becomes necessary 
to apply potash in addition to phosphorus. 

When potash is needed, apply muriate of potash at the 
rate of 100 to 200 pounds to the acre at 3- to 5-year intervals. 
Obviously, a mixed fertilizer such as the 0-20-20 may be used 
instead of superphosphate and muriate of potash. If substi- 
tuted, it should be applied at the same rate as specified for 
the 20 per cent grade of superphosphate. Unless legume crops 
are grown successfully and frequently in the rotation, inade- 
quate nitrogen will be supplied, and its purchase as fertilizer 
will become necessary. The profitable production of the low- 
value field crops without serious soil depletion necessitates 
the growing of legume crops, and the efficient use of the farm- 
manure supply. Although some mixed fertilizer may be used 
to advantage, the plant-food needs of the crops must largely 
be supplied more economically. Where cotton, tobacco, vege- 
tables, and other higher-value crops are grown, the plant-food 
may more often be supplied as mixed fertilizers. 


3. SELECTING MIxep FERTILIZERS 


In selecting a mixed fertilizer, both composition and price 
should be considered. This necessitates an understanding of 
the method used in expressing the composition, and of other 
essentials to the correct interpretation of prices of mixed fer- 
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tilizers. Also, one should make certain that the fertilizer is 
suited to both soil and crop. 


Procedure: 


A. Consider factors that are essential in evaluating fertilizers. 
B. Evaluate prices. 
C. Choose, taking into consideration recommended practice. 


A. Consider factors that are essential in evaluating fer- 
tilizers. The factors to be considered are as follows: 


(1) Formula. 

(2) Guaranteed analysis. 

(3) High analysis vs. low analysis. 

(4) Possible value of minor fertilizer elements. 
(5) Effect on soil acidity. 

(6) Unit valuation. 


(1) Formula. The kinds and amounts of the various ma- 
terials used in the manufacture of a given mixed fertilizer 
constitute what is known as the formula. It is virtually the 
recipe followed in mixing a fertilizer. In the same way that 
definite amounts of flour, sugar, baking powder, and other 
constituents are used in making a cake, a certain number of 
pounds of tankage, nitrate of soda, superphosphate, and 
muriate of potash, or of other fertilizer materials, are used 
in compounding a ton of mixed fertilizer of a given composi- 
tion. Whether the fertilizer is mixed by machinery in the 
fertilizer factory or by hand labor on the barn floor, the 
amounts and kinds of materials used constitute the formula. 

It is not customary for manufacturers to furnish definite 
information about the formulas of the different grades of 
fertilizer. Only in exceptional cases do fertilizer laws require 
that information as to the sources of the different plant-foods 
be given. A persistent demand by farmers has resulted in 
the furnishing of such information by certain codperative 
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Where this is done the fertilizer is spoken 


of as having an open or a public formula. 


Reg. U. S. Pat. Off. 


Open Formula 


FERTILIZERS 


5-10-5 


GUARANTEED ANALYSIS 
Nitrogen not less than 5.00% 
Avail. Phos. Acid not less than 10.00% 
Potash notlessthan 5.00% 

OPEN FORMULA 
Nitrate of Soda 16%N 63 
Sulphate of Ammonia 20.5%N 291 
pvacbage anes’ 200 

er 
Pes TSF 
100 


2.5-16. 
Muriate of Potash 60% 
Potash Salts 30% 133 


2000 ibs, 
MANUFACTURED BY 


COOPERATIVE G. L. F. MILLS, Inc. 
BUFFALO, N. Y. 


Fig. 143. PusBuic-lF'orMULA 
FerTILIzER. (Codperative 
G. L. F. Exch.) 


A persistent demand by 
farmers for information as to 
the kind and amounts of ma- 
terials used in mixed ferti- 
lizers, has resulted in the fur- 
nishing of such information by 
certain codperative organiza- 
tions. Where this is done the 
fertilizer is spoken of as hav- 
ing an open or public for- 
mula. 


Extravagant claims are often 
made for a particular grade of 
fertilizer on the ground that it 
has a fish, bone, or animal base. 
Great emphasis is sometimes 
placed on the scientific compound- 
ing of factory-mixed fertilizers, 
and the argument is advanced 
that they feed the crop through- 
out the season. Farmers them- 
selves often make the mistake of 
basing their valuation of a fer- 
tilizer on smell and color, rather 
than on composition. In _ pur- 
chasing mixed fertilizer, do not 
attach any importance to the 
odor and color of the fertilizer or 
to indefinite statements as to the 
formula. Insist on specific infor- 
mation as to the amounts of the 
various ingredients of which the 
fertilizer is composed. Avoid the 
purchase of mixtures that contain 
large amounts of low-grade am- 
moniates, such as garbage tank- 
age, cocoa shells, ground leather, 
and wool waste, unless the nitro- 
gen furnished by such materials is 
in excess of that in the guaranteed 
analysis. Choose an open- or 
public-formula fertilizer which is 
properly compounded for the 


conditions under which it is to be used.® 
8 See Chapters IX to XII for fertilizing different crops. 
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(2) Guaranteed analysis. The chemical composition of 
commercial fertilizers is guaranteed by the manufacturer. 
Most states have fertilizer laws which require the manufac- 
turer to print, either on the bag or on a tag attached thereto, 
a statement furnishing certain information as to the plant- 
food content of the fertilizer. Such a statement is known as 
the guaranteed analysis, and, when correctly interpreted, fur- 
nishes valuable information about the composition and value 
of the fertilizer. 

The more progressive fertilizer manufacturers have within 
recent years simplified the guaranteed analysis, and only occa- 
sionally is a complicated guarantee such as the following 
used: 


GUARANTEED ANALYSIS OF CoMPLETE FERTILIZER 


Per Cent 

INGROTEIN Geena SIRO bid 0 Ho’ 6 Sabin cee ce RII OTEER Een 2.00 to 2.50 
Ammonia (or equivalent to ammonia) ................. 2.43 to 3.04 
SOMblempunosp Orica ache yewedee see fra aye eos ae, 2.00 to 8.00 
Reverted phosphoric acid (citrate soluble or precipitated) 2.00 to 4.00 
ASE IBIS FA NeS\ Kove HOG! A= boos ot Bao een ae cee ee 8.00 to 12.00 
insolublemphosphori cra cider ims ve. fee sae ss nooks 1.00 to 2.00 
Botalsnhasph orc acidig meet tte Se tee Meccan are 9.00 to 14.00 
Equivalent to tricalcium phosphate (or bone phosphate) 19.65 to 30.56 
Potashu (sometimes total) wa iseeia nets oat ac. ss ccmened es 2.00 to 3.00 
Mouivalentito sultateotmpotashy aera. saq- ons. occ aac as 3.70 to 5.55 

Mo tale mlanterO Oca premiere cre rces ct cue 51.78 to 84.65 


In interpreting this analysis, take into consideration only 
the first column of figures. Most state fertilizer laws make no 
restriction as to the accuracy of the figures in the second 
column. This fertilizer is guaranteed to contain 2 per cent 
nitrogen, which is equivalent to 2.43 per cent ammonia. The 
phosphoric-acid content is expressed in several different ways. 
The farmer is primarily interested in the amount of available 
phosphoric acid, which in this case is 8 per cent. The term 
equivalent to tricalcium phosphate is very misleading, since 
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it expresses the phosphoric-acid content in terms of a chemical 
compound occurring in very small amounts if at all. Simi- 
larly, the term equivalent to sulfate of potash does not guaran- 
tee the potash to be in the sulfate form, but merely means that, 
if the 2 per cent of potash were in the form of sulfate of potash, 
the fertilizer would contain 3.70 per cent of the salt. 

The following simplified guarantee would furnish all the 
information needed relative to the composition of this fer- 
tilizer. 


Per Cent 
INitrogent yer. aetna ton ee are eee 2 
Available phosphoric acid 4.22 s>-6 6) eee 8 
POtRSD, oon ssaiaasciels Secteur ene sae ee 2 


If one understands the interpretation of a complicated 
guaranteed analysis, it is not difficult to interpret the simpler 
type which is more common today. Keep in mind the fact 
that, from the standpoint of analysis, the value of the fertilizer 
depends on the amounts of nitrogen, phosphoric acid, and 
potash which it contains. Study the guaranteed analysis until 
the composition of the fertilizer in terms of the three plant- 
food constituents is understood. 

(3) High analysis vs. low analysis. The chemical com- 
position of the fertilizer is often expressed by a series of three 
figures, such as 5-10-5. These figures express the percentage 
of nitrogen, available phosphoric acid, and soluble potash, re- 
spectively, and constitute the analysis. 

The term fertilizer ratio refers to the proportion of the 
nitrogen, phosphoric acid, and potash present, irrespective of 
the concentration. A 5-10—-5 analysis would contain 2 parts 
of phosphoric acid to 1 part each of nitrogen and potash, or 
the ratio of nitrogen, phosphoric acid, and potash would be 
1-2-1. Other analyses having this same ratio are 4-8-4, 
8-16-8, and 10-20-10. 

A wide ratio is one in which a constituent occurs in rela- 
tively large amounts as compared with the others; a narrow 
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ratio is one in which the constituents occur in approximately 
the same amounts. A 14-1 would be considered a wide ratio, 
and a 2-3-2 would be considered a narrow one. 

The terms high analysis and low analysis are applied to 
fertilizers on the basis of their concentration. A fertilizer is of 
high analysis when the figures of the analysis total 20 or more. 
If they total less than 20 the fertilizer is of low analysis. The 
5-10-5, with a total of 20 per cent of nitrogen, phosphoric acid, 


Fig. 144. Usrt Hicu-ANAtysis FERTILIZER. 


Where factory-mixed fertilizers are used, those of high analysis are relatively cheaper 
than those of low analysis. 


and potash, would class as a high-analysis fertilizer; while the 
4-8-4 would be of low analysis, since it contains only 16 per 
cent of plant-food. 

Where factory-mixed fertilizers are used, those of high 
analysis are relatively cheaper than those of low analysis. 
The reason for this is that there are certain overhead manu- 
facturing charges which are relatively constant per ton of 
fertilizer, irrespective of its composition. For example, the 
cost of mixing, of bags and bagging, and of freight is the same 
for a high- as for a low-analysis fertilizer. The additional 
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plant-food secured through purchasing a mixed fertilizer of 
high composition is always secured at a relatively low cost, 
often lower, in fact, than a farmer must pay for the same plant- 
food in fertilizing materials such as nitrate of soda, super- 
phosphate, and muriate of potash. As a specific example, 
compare in price the 4-84 with the 6-12-6. The latter con- 
tains the same ratio of plant-food constituents, but is 50 per 
cent more concentrated. Consequently, it would require 3000 
pounds of the 4-8-4 to furnish the same amount of plant-food 
as 2000 pounds of the 6-12-6. At current prices, the 4-8-4 
costs about $30 a ton. The 6-12-6 can be purchased for ap- 
proximately $40 a ton. For the additional $10 paid for the 
6-12-6, one secures the equivalent of one-half ton of a 4-8-4. 
In other words, this additional plant-food costs at the rate of 
$20 a ton of 4-8-4. By substituting 1 ton of 6-12-6 for 1% 
tons of 4-8-4 there is a direct saving of $5, which is equivalent 
to more than 10 per cent. Not only is the high-analysis fer- 
tilizer cheaper, but at the same time it will average a better 
quality since in its manufacture there is not the opportunity 
for using much low-grade material such as garbage tankage 
and leather scrap. 

Mixed fertilizers containing as much as 25 per cent or more 
of plant-food are called concentrated or sometimes double- 
strength fertilizers. Their manufacture has been made pos- 
sible by the use of the more concentrated fertilizer materials 
such as ammo-phos, urea, and double- or treble-superphos- 
phate. There is no greater danger of injuring the germination 
of the seed or of burning the crop with these concentrated 
fertilizers than with those of normal strength provided the rate 
of application is reduced so that plant-food is supplied in the 
same amounts. They have been found in most instances to be 
as effective as the less-concentrated mixtures, and generally 
sell for less per unit of plant-food. They do not normally 
contain so large a proportion of the minor fertilizer elements 
as do less-concentrated mixtures. An objection frequently 
raised to their use is that difficulty is encountered with many 
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fertilizer distributors in reducing adequately the rate of ap- 
plication. , 

There are still some products on the market containing 
little plant-food, but claimed to be of great value in increasing 
crop yields. They are often pictured as “nature’s plant-food,” 
or “odorless fertilizers,” and the claim is made that in some 
miraculous way they stimulate or vitalize crop growth. Such 
materials are well deserving of the name patent-medicine fer- 
tilizers. While they may be of some value in stimulating the 
growth of plants, they always sell at a prohibitive price, and 
have no place in the economic fertilization of farm crops. 

In purchasing factory-mixed fertilizers, consider only those 
of high analysis, including the concentrated mixtures. Low- 
analysis mixed fertilizers are always relatively expensive; and 
patent-medicine fertilizers are exorbitant in price from the 
standpoint of their plant-food content. In purchasing with- 
out information as to the formula, relatively better-quality 
materials will be secured in high-analysis than in low-analysis 
mixtures. An analysis with at least 30 per cent of plant-food 
generally should be selected, and if prices justify, a concentra- 
tion of 40 to 50 per cent should be purchased. The price as 
well as the composition should always be taken into consid- 
eration in choosing mixed fertilizers.® 

The need for mixed fertilizers in any given state can be 
supplied by ten or twelve analyses; and, for the country at 
large, twenty different analyses should satisfy all practical 
needs. Even though there has been a concerted effort made 
by agricultural workers and fertilizer manufacturers to reduce 
the number of grades, and some real progress has been 
achieved in this direction, there are still far too many different 
grades or analyses on the market. A further drastic reduction 
in the number of analyses would greatly simplify the selection 
by farmers and materially reduce manufacturing overhead for 
producers. 

9See page 310 for method of comparing prices of high-analysis fer- 
tilizers. 
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(4) Possible value of minor fertilizer elements. All mixed 
fertilizers contain plant nutrients other than nitrogen, phos- 
phoric acid, and potash. They are generally considered of 
little or no practical fertilizing value. Their presence is not 
indicated by the guaranteed analysis. The fertilizer-control 
laws of most states ignore them entirely. While some of these 
minor fertilizer elements are normally supplied by the natural 
fertilizer materials, others may be added by the manufac- 
turer.?° 

An additional fertilizing value is often claimed because of 
the presence of plant-food other than nitrogen, phosphoric 
acid, and potash. A fertilizer may be said to contain rarer 
elements or plant-food in excess of that in the guaranteed 
analysis. In considering the value of such claims, it is well to 
remember that outside of very sandy soils, certain mucks and 
peats, and a few other abnormal soils, the rarer elements, which 
do not commonly occur in mixed fertilizers of normal concen- 
tration, have not been found beneficial so long as the soil is 
efficiently managed. Until fertilizer laws in most states are 
revised, a purchaser has no assurance except the statement of 
the manufacturer as to the presence of nutrients other than 
nitrogen, phosphoric acid, and potash. 

(5) Effect on soil acidity. Most mixed fertilizers increase 
soil acidity. This acidifying effect is due most often to such 
materials as sulfate of ammonia, and not, as so commonly 
believed, to superphosphate. Other fertilizer materials besides 
sulfate of ammonia have an acid residual effect on the soil. 
Some reduce acidity, but most of them have no material effect 
on it;7 

By selecting the proper fertilizer materials, and when neces- 
sary, by using some lime in the mixture, fertilizers can be pro- 
duced which have an acid effect, others that have an alkaline, 


10See Chapter I for information on essential and minor nutritive 
elements. 

11See Table XX XI for information on the effect of fertilizer ma- 
terials on soil acidity. 
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and still others that have a neutral effect on the soil. Like- 
wise in home-mixing fertilizers the desired effect on soil acidity 
may be secured.?? 

For crops requiring a very acid soil, or for soils with an 
alkaline reaction, select an acidifying fertilizer. Such a fer- 
tilizer should also be chosen where potato scab is troublesome. 
In the fertilization of crops which are very sensitive to acidity, 
such as beets, cauliflower, and onions, use a mixture which has 
a neutral or a slightly alkaline residual effect. Where mixed 
fertilizer is used in a grain- and hay-crop rotation, and where 
the cost is no greater, use one having an alkaline effect since 
it will reduce somewhat the amount of lime required for the 
legume crop in the rotation. 

(6) Unit valuation. In the purchase of mixed fertilizers 
and of fertilizer materials for home-mixing, an understanding 
of the method of evaluating fertilizers on the unit basis is 
desirable, if not absolutely essential. The term wnit is com- 
monly used by manufacturers to express the composition of 
fertilizer materials, and unit valuation to designate the price. 
A unit means 1 per cent of a ton, or 20 pounds. Unit valuation 
is the value of a unit, or 20 pounds, of a given plant-food. 
Obviously, the units of a given plant-food in a fertilizer would 
be identical with the percentage of the same plant-food. Ni- 
trate of soda, for example, analyzing 16 per cent nitrogen 
contains 16 units of nitrogen to the ton. If this nitrate of 
soda costs $40 a ton, each of the 16 units of nitrogen would 
cost $2.50, which is the unit valuation. 

Unit valuation is used in determining the prices of factory- 
mixed fertilizers. When the unit valuation of each of the 
three constituents of plant-food is known, one can readily 
determine the cost of the constituents necessary for a ton of 
any analysis of complete fertilizer. For example, assume the 
following unit valuations: nitrogen $2.50, phosphoric acid $1, 


12See page 337 for acid and non-acidifying formulas to be used 
in home-mixing. 
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and potash 90 cents. The cost of the constituents for a ton of 
5-10-5 fertilizer can be determined as follows: 


5 X $2.50 = $12.50 cost of nitrogen 
10 X 1.00 = 10.00 cost of phosphoric acid 
5X 90= 4.50 cost of potash 


$27.00 cost of constituents 


Fertilizer materials are commonly quoted to farmers at a 
ton price. For example, sulfate of ammonia may be quoted at 
$50 a ton, and nitrate of soda at $48. One way of determining 
which is the cheaper of the two materials would be to calculate 
the cost of a unit of nitrogen in each material. To do this, 
divide $50, the cost of sulfate of ammonia, by 21, the units of 
nitrogen contained. This gives $2.38, the cost of a unit of 
nitrogen. In the same way, $48 divided by 16, the units 
of nitrogen in nitrate of soda, gives $3 as the cost of a unit of 
nitrogen. Consequently, at the prices quoted, the sulfate of 
ammonia is a cheaper source of nitrogen than the nitrate of 
soda. 

B. Evaluate prices. Prices of mixed fertilizers are com- 
monly established semi-annually. They are spoken of as 
spring prices and fall prices. The price schedule is determined 
on the basis of a uniform unit price for each of the three plant- 
food constituents, plus a definite overhead charge for manufac- 
ture and sale of the product. To this must be added the margin 
for the local fertilizer dealer. For fertilizers purchased on 
time, it becomes necessary to make an additional charge to 
cover the cost of extending this credit. As a rule, dealers give 
a discount on carload orders. Consequently, in the purchase 
of mixed fertilizers it is essential not only that they be of high 
analysis, preferably having a total of at least 20 to 30 units 
of plant-food, but that they be purchased for cash and, when 
possible, in carload lots. 

The fact that a mixed fertilizer is of high analysis does not 
necessarily mean that it is a good buy. Some high-analysis 


SELECTING MIXED FERTILIZERS 311 


mixtures are, from the farmers’ standpoint, relatively more - 
expensive than certain ‘of those in the low-analysis group. 
Price comparisons should be made between high-analysis mix- 
tures before a final choice is made. 

The 2-16-2 fertilizer is high in analysis and extensively 
recommended for the fertilization of grain. Nevertheless, it 
is an expensive mixture at present prices, having no great price 
advantage over the low-analysis 2-12-2. This is due to the 
fact that the mixture contains only four units of nitrogen and 
potash combined. Where this mixture is used in preference to 
superphosphate, the four units of nitrogen and potash must 
carry all the overhead cost of mixing, which makes them pro- 
hibitive in price for the grain crops. 

Superphosphate (20 per cent) sells for about $20 a ton, 
and the 2—16-2 analysis of mixed fertilizer for about $35 a 
ton.‘? The 16 per cent of phosphoric acid in the 2—16-2 costs, 
as superphosphate, $16 (44 X $20). The two units of nitrogen 
and of potash cost in the 2-16-2 exactly $19—($35 — $16 = 
$19). Expressed in terms of standard fertilizer materials, one 
secures for this $19, the equivalent of 190 pounds of sulfate 
of ammonia and 67 pounds of 60 per cent muriate of potash. 
It is seldom that nitrogen and potash can be justified on grain 
crops at these prices. Where this is true, superphosphate is a 
better buy than the high-analysis 2-16-2. In making fertilizer 
recommendations this most important fact is overlooked. 

The 4-16—4 mixture furnishes an additional two units each 
of nitrogen and potash. When selling for $40 it costs only $5 
more a ton than the 2-16—-2. Consequently, the additional 
four units of nitrogen and potash cost $5, which in the 2-16-2 
cost $20. In order to secure nitrogen and potash at a reason- 
able price in mixed goods, it is necessary to purchase a mixture 
containing at least 8 per cent of either one, or of the two 
combined. 

13 Prices for both superphosphate and mixed fertilizer vary in dif- 


ferent sections and from year to year. Current, local prices may readily 
be substituted for those used in calculation. 
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Another price comparison between two mixed fertilizers 
of similar analysis is that between the 4-8-4 and the 5-10-5. 
These two mixtures contain the same relative amounts of the 
plant-food constituents; that is, the ratio of plant-food is the 
same. They differ in that the latter is 25 per cent more con- 
centrated. It requires 2500 pounds, or 25 per cent more than 
a ton, of the 4-84 to equal one ton of the 5-10-5. Assume 
that the prices of these two mixtures are $30 and $35, respec- 
tively. The 5-10-5 costs $5 a ton more than the 4-8-4. For 
this $5 one secures in each ton of 5-10-5 an additional 500 
pounds equivalent to a 4-8-4. In other words, the extra plant- 
food secured in the 5-10-5 costs at the rate of $20 a ton for 
the 4-8-4 instead of $30, the regular price of this analysis. At 
these prices a saving of nearly 7 per cent in the fertilizer bill 
results from the purchase of the 5-10—5 instead of the 4-8-4. 

In purchasing mixed fertilizers, arrange to pay cash. Bor- 
row from the bank rather than buy credit from the fertilizer 
manufacturer or dealer, and take advantage of all cash dis- 
counts. Select from the available high-analysis mixtures those 
that contain the desired proportion of the plant-food constitu- 
ents, compare prices, and buy the analysis or the analyses fur- 
nishing plant-food at the lowest price. If the formula can be 
secured, give due consideration to its fitness to the crops that 
are to be fertilized. Take into consideration the residual effect 
on soil acidity. A worth-while saving can often be made 
through the codperative buying of fertilizers. Particularly is 
this true in the purchase of fertilizing materials for home- 
mixing. A much lower price can generally be secured by pur- 
chasing the materials in carload lots. The individual farmer 
seldom has need for sufficient fertilizer in any given season to 
enable him to take advantage of this saving. However, if a 
number of farmers order collectively, they can all profit by 
the lower carload price. Frequently, dairy farmers pool their 
orders for superphosphate, and thereby save several dollars 
a ton. In some sections farmers’ codperative organizations are 
handling fertilizers as well as other farm supplies. Take 
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advantage of any saving that can be made through the co- 
operative purchase of fertilizers. 

C. Choose, taking into consideration recommended practice. 
In selecting the mixed fertilizer, whether factory-mixed or 
home-mixed, take into consideration all those factors which 
may influence the real agricultural value in relation to the 
cost. Consider also the suggestions made under the heading 


Fig. 145. FrrtirizeR EXPERIMENTS AT THE RHODE ISLAND EXPERIMENT 
STATION. 


College and experiment-station workers have devoted much time to the study of 
soils and crops. As aresult of experiments, they have worked out very definite systems 
of fertilization for the different soils and the various crop rotations. 


“Planning the fertilizer practice.” Consult your agricultural 
college and your county agent and secure from them the latest 
information on fertilizer practices suited to your particular 
soil and cropping systems. These college and experiment- 
station workers have devoted much time to the study of soils 
and crops. As a result of practical as well as technical ex- 
periments, they have worked out very definite systems of fer- 
tilization for the different soils and the various crops and crop 
rotations. The fertilizer practices that they recommend take 
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TABLE XXX 


APPROVED FERTILIZERS FOR GRAINS, Hay, AND SILAGE FoR New York 


(For feed-crop rotations and pastures apply fertilizer in amounts to 
supply an equivalent of 30 pounds of phosphoric acid a year.) 


Crop Conditions Analyses or Materials Ee une 
Manured Superphosphate 20%* 150 
Corn for grain | Following legume sod | Superphosphate 20%* 150 
or silage, also and not manured 
for Millet and 0-20-10 150 
Sudan grass 
Not manured and not 10-20-10 150 
following legume sod 5-10-5 300 
6-18-6 175 
4-12-4 250 
Manured rotation Superphosphate 20%* 300 
5-20-5 300 
Oats, or spring 4-164 375 
, barley, or | Rotation not manured 5-20-10 300 
' mixture 3-12-6 500 
Seeded 0-20-10 300 
Manured rotation Superphosphate 20%* 150 
Buckwheat, 
oats or spring | Rotation not manured 5—20-5 150 
barley, or 416-4 200 
mixture 5-20-10 150 
Not seeded 3-12-6 250 
Manured Superphosphate 20% * 300 
Following legume sod | Superphosphate 20%* 300 
0-20-10 300 
Wheat or rye 
Seeded 5-20-5 300 
Not manured and not 4-16-4 400 
following legume sod 5-20-10 300 
3-12-6 500 
6-18-6 325 
4-12-4 500 
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TABLE XXX—Continued 
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Aa apes : Pounds 
Crop Conditions Analyses or Materials per Acre 
Manured Superphosphate 20%* 250 
Tollowing legume sod | Superphosphate 20%* 300 
0-20-10 300 
Wheat or rye 
Not seeded 10-20-10 150 
Not manured and not 5-10-5 300 
following legume sod 6-18-6 175 
4-12-4 250 
5-20-10 150 
3-12-6 250 
peerbe  ee oP Superphosphate 20%* 150 
520-5 200 
Soybeans Poor soil, not recently 4-16—4 225 
manured 5-20-10 200 
3-12-6 325 
0-20-10 200 
Manured rotation Superphosphate 20%* 400, 
Alfalfa at time 0-20-10 400 
of seeding or | Soil not recently 0-20-20 400 
as top-dress- manured 0-12-12 650 
ing 
Manured Superphosphate 20%* 150 
Timothy 
Fertilizer ap- 10-10-10 200 
plied as top- | Not manured (-1-7 300 
Sulfate of ammonia + 150 


dressing 


*Tf 30 or 32 per cent grade of superphosphate is used, apply about two-thirds 


as much. 


+ Other nitrogeneous materials may be substituted. Apply at rate to furnish 
from 20 to 40 pounds of nitrogen to the acre. 
Note: For fertilizing corn grown in rotation see Chapter IX, N. Y. State Col. of 
Agr., Leaflet 9, January, 1940. 
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into consideration the factors emphasized as influencing the 
choice of mixed fertilizer. In many states fertilizer recom- 
mendations are revised annually, and made available in 
printed form to farmers and others who are interested. An 
example of such recommendations for field crops is given in 
Table XXX. Secure the recommendations of the local college 
and station, and use them as a guide in establishing fertilizer 
practices on your own farm. The fertilizer practices developed 


$i i 
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Fig. 146. FEertTinizER EXPERIMENTS AT THE NEw YORK STATE COLLEGE OF 
AGRICULTURE. 


Secure the recommendations of the local college and station, and use them as a 
guide in establishing fertilizer practices on your own farm. 


in Chapters IX to XII are based not only on the information 


available from experiments but also on the experience of many 
successful farmers.* 


4. Appuyinc Mixep FERTILIZERS 


Mixed fertilizers should generally be applied just prior to 
or at the time of planting the crop. Where a crop occupies 
the land for several consecutive years, additional fertilizer 


14 See Tables XLVII, XLIX, and L for mixed fertilizer reeommenda- 
tions for vegetables, fruits, and flowers. 
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may be applied as a top-dressing. In the fertilization of vege- 
table crops, where complete fertilizers are used, an application 
should be made for each crop grown. For grain, hay, and 
silage, where the fertilizer consists largely of superphosphate, 
or of superphosphate and potash, the application need be made 
but once or twice in a three-year to five-year rotation, pro- 
vided, of course, that larger amounts are applied at the less- 
frequent intervals. 


Procedure: 


A. Apply with drill. 
B. Apply at proper rate. 
C. Apply properly. 


A. Apply with drill. Apply mixed fertilizers with a fer- 
tilizer drill or a lime distributor. Grain drills, as well as corn, 
potato, and cotton planters, are very commonly equipped with 
a fertilizer attachment through which the fertilizer is applied 
in conjunction with the planting of the seed. Use a lime 
distributor for making heavy applications of either super- 
phosphate or mixed fertilizer. If a small area is to be 
fertilized, the material may be applied by hand. 

B. Apply at proper rate. The rate at which fertilizer 
should be applied depends on the character of the crop, the 
intensity of production, the condition of the soil, and the 
frequency and method of application. In grain- and hay-crop 
rotations where mixed fertilizer is used, apply 200 to 400 
pounds to the acre. In intensive vegetable-crop production, 
use 1000 pounds to a ton or more yearly. Irrespective of the 
rate of application, it is important that the fertilizer be dis- 
tributed properly in the soil. If heavy applications are made, 
or if the fertilizer is especially concentrated, take greater pre- 
caution in its placement. 

C. Apply properly. For best results, then, the fertilizer 
must be applied in the proper manner. The three common 
methods of application are: (1) applying in the row, (2) 
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broadcasting, and (3) top-dressing. A combination of two 
methods, or sometimes all three methods, is often used. The 
practice to follow in applying fertilizer will depend on condi- 
tions as specified under each method of application. 


Fig. 147. Appiyine FERTILIZER FOR Potators. (International Harvester 
Co., Chicago.) 
Grain drills as well as corn, potato, and cotton planters are very commonly equipped 


with a fertilizer attachment through which the fertilizer is applied in conjunction with 
the planting of the seed. 


(1) When to apply in the row. When fertilizer is used 
for cultivated crops grown in rows or hills, such as corn, 
potatoes, and cotton, it may be applied in the row or hill, 
provided precaution is taken to prevent injury to the germinat- 
ing seed. It has been found that injury results where a large 
amount of fertilizer is placed in direct contact with the seed. 
Such injury is not materially lessened where the fertilizer is 
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applied either above or below the seed. When it is distributed 
a half inch to an inch on either side of the seed, little if any 
injury results. It appears to make little difference whether 
the fertilizer is applied on both sides or all placed on one side 
of the seed. 

Where a small amount of mixed fertilizer is used, best 
results will be secured on the immediate crop by applying in 
the row or hill. Not only is the loss of nitrogen by leaching 
less than with a broadcast application, but the plant receives 
greater stimulation in the early stages of growth. Reduced 
effectiveness due to fixation by the soil is kept at a minimum. 
Applications in excess of 300 to 400 pounds to the acre of 
fertilizer of standard concentration should not be made en- 
tirely in the row. 

(2) When to apply broadcast. Where the application is 
heavy or where the fertilizer is being used not alone for the 
immediate crop but for several crops in the rotation, apply at 
least part of it broadcast. When it is applied by means of the 
fertilizer attachment of the small grain drill, the rows in 
which it is distributed are so close together that the effect is 
that of a broadcast application. 

With a broadcast application there is little if any danger 
of injuring the seed. Relatively heavy applications can be 
made with safety. The residual effect on the following crop is 
uniform. Except with a fertilizer high in nitrogen, there is 
little loss of plant-food through leaching, and only in soils with 
high-fixation power is there any great reduction in the effec- 
tiveness of the phosphoric acid and potash. 

Many farmers fail to appreciate the tremendous residual 
effect from a liberal fertilizer application. Instead they ex- 
pect the full benefit on the crop fertilized. It has been found 
in field-crop production that from 40 to 50 per cent of the 
value of the fertilizer results from its residual effect. It is a 
good practice to fertilize cash crops liberally, and to let the 
other crops of the rotation depend on the residual effect of the 
fertilizer. Where land is seeded down to hay, apply a sufficient 
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amount of the mineral constituents for the nurse crop to last 
through one or two years of hay. In either event, incorporate 
the fertilizer uniformly with the surface soil to assure a uni- 
form residual effect. 

(3) Conditions justifying top-dressing. It is sometimes 
desirable to apply fertilizer as a top-dressing to the growing 
crop. This becomes necessary in fertilizing lawns, or crops 


Fig. 148. ResipuaL Errect or Corron FEertiuizer on RYE. 


Many farmers fail to appreciate the tremendous residual effect from a liberal fertilizer 
application. Instead they expect the full benefit on the crop fertilized. 


such as alfalfa or timothy which occupy the land for several 
years and which have not been adequately fertilized when 
seeded. If a crop occupies the land for a single season, apply 
the fertilizer prior to or at the time of seeding. 

In the fertilization of vegetables it is often desirable to 
withhold part of the fertilizer and apply it later in the season. 
When the top-dressing is applied along the sides of the row, the 
practice is spoken of as side-dressing, and when applied in a 
circle around the individual plants, as spot-application. Field- 
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grown rowed crops are sometimes side-dressed, but the prac- 
tice should be confined largely to vegetable or other high-value 
crops. The main advantage of top-dressing is that less nitro- 
gen is lost through leaching. There is no justification for 
withholding part of the phosphoric acid and potash to be used 
as a top-dressing. If a top-dressing is made, it should consist 
of a soluble form of nitrogen such as nitrate of soda. _ 

Where fertilizer is applied as a top-dressing to growing 
crops, care must be taken not to “burn” the foliage. Apply 
when the plants are dry, preferably just preceding a rain. In 
applying to vegetables, do not permit the fertilizer to come 
in contact with the leaves or stalks. For vegetables, apply as 
a side-dressing, covering a strip about 6 inches wide, starting 
several inches from either side of the row, or as a spot-applica- 
tion around the individual plants. Distributors are available 
for the row- or the spot-application of fertilizer. 


5. Home-Mrx1nG FErtrinizers 


Fertilizers can be mixed satisfactorily on the farm. When 
the mixing is properly done, a home-mixed fertilizer is equal 
in all respects to one of the same analysis mixed in a fertilizer 
factory. Where a considerable amount of fertilizer is used, or 
where a number of farmers pool their orders for the materials, 
as much as $5 to $8 a ton can often be saved by home-mixing. 
Where mixed fertilizers with a concentration of 30 per cent 
or more of plant-food are used, little saving will result from 
home-mixing. The practice also has a distinct educational 
value. Invariably, in sections where fertilizers are extensively 
home-mixed, farmers are better informed as to the character 
and value of fertilizers. Home-mixing also enables the user 
to know exactly what the fertilizer mixture contains. This is 
not true of mixed goods, except those sold on the open-formula 
basis. It.is often claimed that the mixing can be done more 
cheaply and more thoroughly in a large factory than on a 
barn floor. The results of experiments, as well as the experi- 
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ences of farmers, prove that a satisfactory mixture can be 
produced at home, and at a saving. If only a few tons of 
fertilizer are used annually, home-mixing offers little saving 
unless the chemicals can be purchased through a cooperative 
pool. 


Fig. 149. Home-Mrxine FEertIvizer. 


When the mixing is properly done, a home-mixed fertilizer is equal in all respects to 
one of the same analysis mixed in a fertilizer factory. 


Procedure: 


A. Choose the plant-food materials. 
B. Determine the formula. 

C. Calculate the cost. 

D. Mix the materials. 


A. Choose the plant-food materials. It is unnecessary to 
use more than six or eight fertilizer materials in home-mixing. 
Normally, the phosphoric acid should be secured from super- 
phosphate, and the potash from muriate of potash. If the 
fertilizer is to be used for tobacco or sugar beets, replace part 
of the muriate with sulfate of potash to prevent excess chlorine 
in the mixture. Supply part of the nitrogen by using nitrate 
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of soda or sulfate of ammonia. In most instances both ma- 
terials should be used. In addition, a conditioner or drier, 
such as animal tankage, dried ground-fish scrap, dried blood, 
or cotton-seed meal, should be added, for otherwise the mix- 
ture would harden on standing. By applying the fertilizer im- 
mediately after mixing, the conditioner may be eliminated, 
and the mixture still applied with the ordinary fertilizer 
drill. However, it is safer always to use 300 to 400 pounds to 
the ton of some one of the materials mentioned as being effec- 
tive conditioners. Since all contain nitrogen, their use will 
reduce the amount of nitrate of soda and sulfate of ammonia 
needed. Tankage, fish scrap, and cotton-seed meal also con- 
tain phosphoric acid, and the last, potash as well. Make al- 
lowance for this additional plant-food in calculating the 
formula. The use of granular superphosphate, or ammo-phos, 
reduces the need for a mechanical conditioner. 

Do not use burned or hydrated lime, ashes, basic slag, 
cyanamid, or other material containing lime, in the home 
mixture, since such materials tend to cause a reversion of the 
available phosphoric acid and the liberation of ammonia from 
sulfate of ammonia. In some instances as much as 25 pounds 
of hydrated lime or 50 pounds of limestone have been added to 
the ton of superphosphate by the manufacturers. Additional 
lime, added when the fertilizer is mixed, might materially 
lessen its immediate effectiveness, owing to reversion of the 
phosphoric acid; and its ultimate value might be reduced as 
the result of loss of ammonia. Dolomitic limestone may be 
added when a non-acid-forming fertilizer is needed. 

It is desirable to secure the nitrogen from several sources. 
Some will normally be supplied by the conditioner; the re- 
mainder should be secured largely from nitrate of soda and 
sulfate of ammonia. 

B. Determine the formula. The amounts of the different 
materials which should be used for a given analysis can readily 
be determined. The following example will make the pro- 
cedure clear: 
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A 4-8-4 fertilizer contains 4 per cent of nitrogen, 8 per 
cent of available phosphoric acid, and 4 per cent of soluble 
potash. In other words, each hundred pounds of the fertilizer 
contains 4 pounds of nitrogen, 8 pounds of available phosphoric 
acid, and 4 pounds of soluble potash. Since there are 20 hun- 
dred pounds in a ton, 20 times these amounts—80, 160, and 
80 pounds, respectively—would be required for a ton of 4-8-4 
analysis. In order to prevent lumping, 400 pounds of tankage, 
containing 10 per cent nitrogen and 5 per cent available phos- 
phoric acid, are used. This tankage would furnish 40 pounds 
of nitrogen and 20 pounds of available phosphoric acid. Be- 
sides the tankage, sulfate of ammonia, analyzing 21 per cent 
nitrogen and 16 per cent superphosphate, and muriate of pot- 
ash, analyzing 50 per cent potash, are used. Deducting the 
nitrogen, and phosphoric acid furnished by the tankage, there 
remain 40 pounds of nitrogen, 140 pounds of phosphoric acid, 
and 80 pounds of potash to be supplied by these other con- 
stituents. It would require as many hundred pounds of sulfate 
of ammonia to furnish the 40 pounds of nitrogen as 21 is 
contained in 40, which is 1.9 hundred pounds. The number 
of pounds would be 100 times 1.9, or 190 pounds of sulfate of 
ammonia. By the same process, the amount of superphosphate 
and of muriate of potash may be determined. The procedure 
may be expressed as follows: 


40 +21=19 19 X 100 = 190 pounds sulfate of ammonia 

140 + 16 = 8.75 8.75 & 100 = 875 pounds superphosphate 

80 = 50 = 1.60 1.60 * 100 = 160 pounds muriate of potash 
400 pounds tankage 


1625 pounds total weight 


The total weight of the materials used in this formula for 
equivalent of a ton of a 4-8-4 would be 1625 pounds. In 
order that the mixture may conform to the 4-8-4 analysis, 
375 pounds of filler must be added. It is needless to add this 
filler in home-mixing, since it is not necessary that the exact 
concentration of the fertilizer be secured. Without filler, the 
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proper ratio of nitrogen, phosphoric acid, and potash, viz., 
1-2-1, has been obtained. In plant-food content, the 1625 
pounds is exactly equivalent to 2000 pounds of the desired 
4-8-4. By reducing proportionately the rate of application, 
the same amount of plant-food can be applied to the acre with 
the home mixture, to which filler has not been added, as with 
the 4-84. 

Suppose, for example, the 4-8-4 fertilizer is to be applied 
at the rate of 500 pounds, or 44 of a ton, to the acre. Since 
the 1625 pounds of the home mixture is equal to 2000 pounds 
of a 4-8-4, by applying 4% of 1625 pounds, or 40614 pounds, 
of the home mixture without filler, the identical fertilization 
would be given the acre of land. If the filler is left out, the 
analysis of the mixture would be approximately 5-10-5 instead 
of 4-8-4. Formulas can be secured from the agricultural 
colleges and experiment stations for the home-mixing of a 
fertilizer of any desired analysis."® 

C. Calculate the cost. In order to determine the saving 
made possible by home-mixing, it is necessary to calculate the 
exact cost of a home-mixed fertilizer. This is not a difficult 
procedure. Following is the method for determining the cost 
of the home-mixed 4-8-4. 

The following ton prices are assumed for the fertilizing 
materials used: 


Ammimalatanicae cmereeeen irs. cos Ac canon At acno ee $40 
Suliateioimamimna oniawae ris cise 2 ane -eoees ae 50 
Supenphosphate. epee spe spe ceo et 20 
INGUTLAtC OLE OLASMMNaRtre cn osc cunciesalsmrncinis« 50 


Calculate the cost as follows: 
400/2000 $40 = $8.00 cost of 400 pounds tankage 
190/2000 * $50 = $4.75 cost of 190 pounds sulfate of ammonia 
875/2000 * $20 = $8.75 cost of 875 pounds superphosphate 
160/2000 * $50 = $4.00 cost of 160 pounds muriate of potash 
$25.50 total cost of ton equivalent 


15 See General Information at end of chapter for additional formulas 
for home-mixing. 
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The necessary materials for the 1625 pounds of home mixture, 
which is equivalent to 1 ton of a 4-8-4, cost $25.50. To this 
figure should be added the labor cost of mixing, which is gen- 
erally about $1 a ton. By subtracting this total cost of the 
ton equivalent of the home mixture from the price of a ton 
of the factory-mixed 4-8-4, the saving offered by home-mixing 
will be ascertained. 

D. Mix the materials. The actual mixing of the fertilizer 
materials is a simple operation. Expensive machinery is un- 
necessary if the materials are dry and free from lumps. The 
ordinary scoop shovel and a screen, made of four meshes to 
the linear inch galvanized netting, are the only equipment 
needed. Provide platform scales for weighing the material, 
unless the ingredients are purchased in sacks. If in sacks, 
the approximate amount of each material is determined by 
taking a fraction of a full sack of known weight. 

Mix on the barn floor or in a tight wagon box. The ma- 
terial used in largest quantity is first spread out in the amount 
needed for the batch which is to be mixed. This would in- 
variably be the superphosphate. Then the other materials are 
added in alternate layers, and the mass shoveled over until it is 
of a uniform color, indicating thorough mixing. When the 
fertilizer is to be used within a few days, screen and sack at 
once. Otherwise throw it to one side in a large pile and screen 
and bag as it is needed. Break up any lumps not passing the 
screen, by pounding with the back of the shovel. If serious 
lumping should occur, use a wooden tamper. Where home- 
mixing is done on a large scale, provide a small mill for 
grinding lumpy materials, and mix with a concrete mixer. 
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GENERAL INFORMATION 
1. Fertiizer MaTrErias 26 


A. Materials furnishing nitrogen. Nitrate of soda is one 
of the most extensively used nitrogenous materials. There are 
two sources, one a natural salt deposit in Chile, and the other 
a manufactured product in which the nitrogen is secured from 
the air. There is little difference in either composition or 
agricultural value between Chilean and synthetic nitrate of 
soda. The salt is soluble in water, and the nitrogen is im- 
mediately available for plants. It contains an average of 16 
per cent nitrogen, equivalent to nearly 18 per cent of am- 
monia. It is one of the very best nitrogenous fertilizers and 
is an especially desirable source of nitrogen for application to 
the growing plant, or, in fact, wherever a soluble, quick-acting 
material is desired. It has a slightly alkaline effect on the soil. 
On sandy soils there is some danger of loss of nitrogen by 
leaching when nitrate of soda is used, and reasonable pre- 
cautions should be taken to prevent such loss. 

Sulfate of ammonia is a by-product resulting from the 
manufacture of illuminating gas and of coke. Like nitrate of 
soda, it is a water-soluble salt, in which the nitrogen is readily 
available, though it acts somewhat more slowly. It has an 
acidifying residual effect on the soil which may be neutralized 
in farm practice by applying lime. Sulfate of ammonia is very 
uniform in composition, containing 20% to 21 per cent of 
nitrogen. 

Dried blood and tankage are slaughter-house by-products. 
They carry nitrogen in the organic form, and more or less 
phosphoric acid. It is frequently claimed that the nitrogen 
in these animal products is more valuable than thax in nitrate 
of soda or sulfate of ammonia, but this contention has not been 
verified in the results of experiments with these different 
materials. High-grade blood contains 12 to 14 per cent nitro- 

16 See Table XX XI for list of fertilizer materials, their composition, 
and effect on soil acidity. 
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gen. Tankage is so variable that it should be purchased only 
on a strictly guaranteed analysis. The better grade of blood 
tankage contains 8 to 10 per cent nitrogen and 7 to 8 per 
cent phosphoric acid. Bone tankage contains less nitrogen 
and more phosphoric acid than blood tankage. In addition to 
nitrogen, these animal by-products contain some phosphoric 
acid. Fish scrap is a by-product of the fish industry, and is 
similar in composition and value to blood tankage. 
Cyanamid, calcium nitrate, urea, calurea, cal-nitro, and 
leunasalpeter are commercial materials manufactured from at- 
mospheric nitrogen. They are not well adapted to home- 
mixing, but are successfully used in ready-mixed fertilizers. 
Various other commercial materials, containing more or less 
nitrogen, are utilized in fertilizers. Cotton and castor-bean 
meals, muck and dried manures of various kinds, are common 
examples. Garbage tankage and other low-grade organic 
materials are used to some extent in factory-mixed fertilizers. 
B. Materials furnishing phosphorus or phosphoric acid. 
Superphosphate, sometimes called acid phosphate or acid rock, 
is the material most extensively used to furnish phosphorus or 
phosphoric acid. It is manufactured from rock phosphate by 
first grinding and then treating with sulfuric acid. The phos- 
phoric acid is in a soluble form, and is readily available. 
There are several grades on the market, containing 16 to 20 
per cent of available phosphoric acid. Double superphosphate 
and treble superphosphate are even more concentrated ma- 
terials made from phosphate rock. They contain 30 to 45 per 
cent phosphoric acid. The 20 per cent grade of superphosphate 
contains about 50 per cent gypsum, or land plaster. This gyp- 
sum supplies sufficient sulfur to meet any possible needs for this 
constituent. In the 30 per cent grade, and in grades of greater 
concentration, the gypsum has been largely removed. Most 
grades are obtainable in either the powdered or the granular 
form. 
Rock phosphate, sometimes called floats, is simply the raw 
phosphate rock ground to a fine powder. The phosphorus in 
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this material is not readily available to plants. When it is 
finely ground and applied with farm manure, satisfactory re- 
sults are generally secured. It contains 28 to 32 per cent of 
phosphoric acid. Rock-phosphate deposits occur in Florida, 
South Carolina, and Tennessee. Extensive deposits occur in 
the states of Montana, Idaho, Wyoming, and Utah and are 
being used to some extent. 


Fig. 150. A Rocx-PHospHate Ming. (F.C. Bauer, University of Illinois.) 


Rock-phosphate deposits occur in Florida, South Carolina, and Tennessee. Exten- 
sive deposits occur in the states of Montana, Idaho, Wyoming, and Utah. 


Basic slag is a by-product in the manufacture of steel. Im- 
ported slag contains 16 to 20 per cent of phosphoric acid, most 
of which is in a form more readily available than that in rock 
phosphate, but not so available as that in superphosphate. 
It has some value as a liming material. It is not used to any 
great extent by American farmers. American slag, from the 
Birmingham, Alabama, iron deposits, contains 8 to 11 per cent 
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phosphoric acid. Slag from other domestic sources contains 
little or no phosphorus, but is used to some extent as a liming 
material. 

Bone meal is a good source of phosphoric acid, but the 
tendency in the past has been to give it too high an agricultural 
valuation in comparison with superphosphate and the other 
phosphatic materials. Bone meal has been put on the market 
in several forms. The raw bone meal, which is merely ground 


Fie. 151. German Porasu Mine. (N. V. Potash Export My.) 


A considerable portion of the potash used in commercial fertilizers formerly came 
from the extensive deposits of potash salts in Germany and France. 


untreated bones, contains abut 23 per cent phosphoric acid and 
3% per cent nitrogen. Steamed bone meal contains 1 to 2 
per cent more phosphoric acid, but only 1 to 2 per cent nitrogen. 
The phosphoric acid in steamed bone meal is somewhat more 
available than that in the raw bone meal. 

C. Materials furnishing potassium or potash. A consider- 
able portion of the potash used in commercial fertilizers for- 
merly came from the extensive deposits of potash salts in 
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Germany and France. Within recent years, domestic sources 
have been developed in New Mexico and California and are 
now capable of supplying a large proportion of our needs. As 
mined, these salts are impure, but they are partially refined 
before being put on the market. The four important potash 
salts which are used in the United States are muriate of potash, 
sulfate of potash, kainit, and manure salt. All four materials 
carry the potash in a water-soluble form. Fortunately, the soil 
has the power of fixing potash, so that even when it is applied 
in the form of soluble salts there is relatively little loss through 
leaching. 

Muriate of potash is the common chloride form, and con- 
tains 50 to 60 per cent of potash. In addition, it contains a 
considerable amount of common salt. It is the most common 
potash material used in the home-mixing of fertilizers. On 
account of the chlorine content, it should be used in restricted 
amounts for tobacco and sugar beets. 

Sulfate of potash contains about the same amount of pot- 
ash as muriate. It invariably sells at a higher price, but has 
never been shown to be superior to the muriate, except for a 
few crops. 

Kaimit and manure salt are lower in composition than the 
muriate and sulfate. They contain 12 to 14 and 20 per cent, 
respectively, of potash. 

Wood ashes furnish another minor source of potash. Un- 
leached, hardwood ashes contain about 6 per cent of potash in 
a fairly available form. They also contain an equivalent of 
about 1000 pounds of limestone or about 500 pounds of burned 
lime to the ton. Ordinarily, the price of wood ashes is too 
high to justify their use on the general farm crops. 

D. Concentrated materials. A number of new materials, 
concentrated in composition, such as ammonium nitrate, ammo- 
phos, and urea, are now on the market. They are largely the 
result of recent advancement and expansion in the commercial 
fixation of atmospheric nitrogen. Their composition, along 
with that of the standard materials, is given in Table XXXI. 
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2. SIMPLIFIED Sor AND Crop TEsts FOR DETERMINING 
FERTILIZER NEEDS 


Various simplified methods of testing soils and crops to 
determine deficiencies in available plant nutrients have been 
developed. Such tests may be of value as an additional source 
of information in the development of long-time fertilizer pro- 
grams, but they are unreliable as a basis on which to deter- 
mine the analysis or the amount of fertilizer which would 
prove most profitable for a single crop. Unfortunately, there 
is a. tendency to use them for the latter rather than for the 
former purpose. Do not be misled, believing that as a result 
of these simplified tests you can determine the best fertilizer 
to use. 


3. FertTiLizerR TABLES FoR Homp-MrIxine 


In working out a fertilizer formula, useful information is 
available in tabulated form. Tables XXXII and XXXIII are 
representative, and should prove of help in calculating for- 
mulas. 


4. FertinizerR ForMuULAS FoR Homn-MIxInG 


Representative formulas are given for some of the more 
common analyses. These formulas can safely be followed in 
home-mixing. They contain sufficient conditioner to prevent 
lumping and to give the mixture good drilling qualities. 


5-10-5 


200 pounds of nitrate of soda 

200 pounds of sulfate of ammonia 

400 pounds of animal tankage 

900 pounds of superphosphate (20 per cent) 
200 pounds of muriate of potash (50 per cent) 


1900 pounds total, equivalent to 1 ton of 5-10-5 
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TABLE XXXIII 


(Showing the percentage of nitrogen, phosphoric acid, and potash fur- 
nished by 100 pounds of fertilizer material.) 


Nitro- | Phosphoric 
ie é ae Z Potash, 
Fertilizer Material Composition gen, Acid, Dar Cone 
Per Cent] Per Cent 
Nitrate of soda.....] 16 per cent nitrogen............ Fs ce (PRR ernest eter. Sur ot 
Suliate of ammonia.} 20 per cent nitrogen........... 10382 Moa |e 
Dried blood........ ||| 43 per cent nitrogen... 2.1.0... OUNGS: ©. action tis [pee 
Animal tankage....| 10 per cent nitrogen, 8 per cent 
phosphoric acid.. aie One Ons, eerie 
Bone tankage...... 6 per cent nitrogen, te per cont 
phosphoriesacide acre. see 0.3 Ont =| Bere eee 
Dried fish scrap....| 8.5 per cent nitrogen, 8 per cent 
phosphoric acid. . -| 0.43 O.4 fe csmsacts 
Cotton-seed meal...} 7 per cent nitrogen, 3 per cont 
phosphoric acid, 1.7 per cent 
potash. Jace saudi oe hoes 0.35 0.15 0.085 
Superphosphate....| 16 per cent phosphoric acid.....|........ ONS*) Se nears 
Superphosphate....} 18 per cent phosphoric acid.....]........ O19. | Pieeeiee ar 
Superphosphate....| 20 per cent phosphoric acid.....]........ 150. \aaaeewtere 
Steamed bone meal.| 25 per cent phosphoric acid, 1 per 
cent nitrogen........0-.+-+. O05 L225" yee eras 
Muriateiof potash= 50) pericentipotasberee 2. 11a) eeeie eel] teeny eee 2.50 
Sulfatetot potash’... c50lpericen tipotaslisemcises roa seen ere eee | eae oree ene 2.50 
Kainit enema ener 12 perrcentspotasbicmicssn a sels es te, | crete a eee te 0.6 
Manure:salt. cc...0| 20 mencentipotasha. aces ollie Race teeter 1.0 


Explanation: To determine the composition of a mixture, multiply the hundreds 
of pounds of each material by factors given. A mixture of 400 pounds of animal tankage, 
200 pounds of nitrate of soda, 1200 pounds 16 per cent superphosphate, and 200 pounds 
muriate of potash would have a composition represented by the analysis 3.6-11.2—5. 


2 per cent. nitrogen from tankage. 

1.6 per cent phosphoric acid from tankage. 

1.6 per cent nitrogen from nitrate of soda. 

9.6 per cent phosphoric acid from superphosphate. 

= 5 per cent potash from muriate of potash. 

6 = 8.6 per cent nitrogen from tankage and nitrate. 

6 = 11.2 per cent phosphoric acid from tankage and superphosphate. 
5 per cent potash from muriate of potash. 
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STORAGE OF MIXED FERTILIZERS 


250 pounds 
350 pounds 
250 pounds 
750 pounds 
400 pounds 


2000 pounds 


100 pounds 
200 pounds 
240 pounds 
1000 pounds 
200 pounds 
160 pounds 
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10-20-10 


of nitrate of soda 

of sulfate of ammonia 

of animal tankage 

of ammo-phos (11-48 per cent) 

of muriate of potash (50 per cent) 


4-16-4 


of nitrate of soda 

of sulfate of ammonia 

of animal tankage 

of superphosphate (20 per cent) 
of ammo-phos (11-48 per cent) 

of muriate of potash (50 per cent) 


1900 pounds, equivalent to 1 ton of 4-16-4 


These three mixtures, like most factory-mixed fertilizers, 
will have a slight acidifying effect on the soil. The following 
formula would be classed as non-acidifying: 


125 pounds 
200 pounds 
300 pounds 
175 pounds 
500 pounds 
200 pounds 
300 pounds 


5-10-5 


of nitrate of soda 

of sulfate of ammonia 

of animal tankage 

of ammo-phos (11-48 per cent) 

of superphosphate (20 per cent) 
of muriate of potash (50 per cent) 
of dolomitic limestone 


1800 pounds, equivalent to 1 ton of 5-10-5 


5. Sroracre oF Mrixep FERTILIZERS 


Not only are superphosphate and other fertilizer materials 
subject to lumping or hardening on standing, but mixed fer- 
tilizers, even those containing mechanical conditioners, may 
harden unless properly stored. Fertilizers should never be 
stored on earth floors or in damp places. Even when stored on 
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concrete floors, unless very dry, boards should be placed under 
the bags. If floor space will permit, the sacks should be set 
on end. Never put the bags in high piles, as pressure on the 
bottom sacks will tend to harden the fertilizer. It is not a good 
plan to carry fertilizer over from one year to the next, for even 
though the fertilizer may not harden, the bags may disinte- 
grate. So long as the fertilizer remains dry there will be 
virtually no loss of its fertilizing value during storage.*” 


6. Factors to Usr 1n INTERPRETING THE GUARANTEED 
ANALYSIS OF FERTILIZERS 


In the purchase of fertilizers the composition may not be 
given in terms of nitrogen, phosphoric acid, and potash. It is 
customary with certain materials, such as bone meal and ani- 
mal tankage, to give the phosphorus content as tricalcium 
phosphate (often called bone phosphate of lime, and abbre- 
viated BPL) instead of phosphoric acid. In the same way, the 
composition of nitrogenous materials may be expressed in 
terms of ammonia instead of nitrogen. The following factors 
may be needed for the full understanding of the chemical 
composition of fertilizers. 


Factors FOR CONVERTING ELEMENTS AND CoMPOUNDS USED IN THE 
FertTiLizer INDUSTRY 


To change ammonia to equivalent of nitrogen, multiply by 0.82. 

To change nitrogen to equivalent of ammonia, multiply by 1.20. 

To change phosphorus to equivalent of phosphoric acid, multiply 
by 2.30. 

To change phosphorus to equivalent of bone phosphate of lime, 
multiply by 5.00. 

To change phosphoric acid to equivalent of phosphorus, multiply 
by 0.44. 

To change phosphoric acid to equivalent of bone phosphate of 
lime, multiply by 2.20. 


17See page 299 for information on preventing the lumping of 
superphosphate. 
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To change bone phosphate of lime to equivalent of phosphorus, 
multiply by 0.20. 

To change bone phosphate of lime to equivalent. of phosphoric 
acid, multiply by 0.46. . 

To change potassium to equivalent of potash, multiply by 1.20. 

To change potash to equivalent of potassium, multiply by 0.83. 

To change potash to equivalent of muriate of potash, multiply by 
1.60. 

To change potash to equivalent of sulfate of potash, multiply by 
1.85. 


7. REPRESENTATIVE STATE FrrtTiuizeER LAw 


The fertilizer laws of the various states are similar. An 
abstract is given of the law for New York State as being 
representative. Secure information relative to the require- 
ments of the local state law dealing with the manufacture and 
sale of commercial fertilizers. 


Requirements of New York’s Fertilizer and Lime Law 


Statements to be attached to packages. No manufacturer, firm, 
association, corporation or person shall sell, offer or expose for sale 
in this state any commercial fertilizer or any material to be used as 
fertilizer, except animal manures which have not been artificially 
treated or manipulated, unless such commercial fertilizer or material 
to be used as a fertilizer shall be accompanied by or shall have affixed 
to each and every package in a conspicuous place on the outside 
thereof, a plainly printed statement which shall certify as follows: 

1. The net weight of the contents of the package. 

2. The name, brand or trade-mark under which it is to be sold. 

3. The name and principal address of the manufacturer or person 
responsible for the placing of the commodity upon the market. 

4. The minimum per centum of each of the following constituents 
which may be contained therein: 

(a) Nitrogen. 

(6) Available phosphoric acid, except that in cases of undis- 
solved bone, basic slag phosphate, wood ashes, untreated 
phosphate rock, garbage tankage and pulverized natural 
manures, the minimum per centum of total phosphoric 
acid may be substituted therefor. 
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(c) Potash soluble in distilled water. 

(d) In the case of ground limestones, marls, mussel shells, and 
other calcium and magnesium carbonates used for agri- 
cultural purposes, the minimum per centum of carbon- 
ate expressed as calcium oxide and magnesium oxide. 

(e) In the case of burned or hydrated limes, the minimum 
per centum of calcium oxide and magnesium oxide. 

(f) In the case of other materials containing calcium and mag- 
nesium compounds, the minimum per centum of car- 
bonate present, expressed as calcium oxide and mag- 
nesium oxide. 

If any commercial fertilizer, or material to be used as a fertilizer, 
be sold, offered or exposed for sale in bulk such printed statement 
shall accompany every lot and parcel so sold, offered or exposed for 
sale. 

That portion of the statement required by this section, relating 
to the chemical composition of commercial fertilizer or material to 
be used as a fertilizer, shall be known as the guaranteed analysis. 

Violations. It shall be a violation of the provisions of this article 
if the statement required by the last preceding section shall be false 
in regard to the net weight of the contents of the package sold, offered 
or exposed for sale, or in the name, brand or trade-mark under which 
the fertilizer is sold, or in the name and address of the manufacturer 
or person responsible for placing the commodity upon the markets. 
It shall also be a violation of the provisions of this article if any 
commercial fertilizer or material to be used as a fertilizer shall con- 
tain a smaller percentage of nitrogen, phosphoric acid, potash, calcium 
oxide or magnesium oxide than is certified in said statement to be 
contained therein. 


8. THe MANUFACTURE OF SUPERPHOSPHATE 


Superphosphate is made by mixing concentrated sulfuric 
acid with ground phosphate rock. Approximately equal parts 
by weight of the two materials are mixed together. They 
react chemically, the acid being largely destroyed, and the 
phosphorus in the rock phosphate changed from an unavail- 
able to an available form. The chemical reaction may be 
expressed as follows: 
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Casz(POs)2 + 2H2SO4 = CaH4(PO.)2 -+- 2CaSO4 
Ree We => OC passes) ) Calta 


Both the phosphate rock and the commercial sulfuric acid used 
contain impurities which carry over into the superphosphate. 
The calcium sulfate, often termed gypsum or land plaster, con- 
tains water of hydration. Some of the phosphoric acid may 
change back to the dicalcium form (Ca ,H2(PO4)2); some 
normally remains in an unavailable form, combined with iron 
or aluminum in the superphosphate. There is usually some 
“free acid” in the form of H3PO, in superphosphate. For all 
practical purposes the standard 20 per cent grade of super- 
phosphate contains approximately 50 per cent of gypsum and 
20 per cent of available phosphoric acid, most of which is 
water-soluble. The more concentrated grades of superphos- 
phate contain relatively less gypsum, and the double super- 
phosphate has had all the gypsum replaced by calcium 
phosphate. 

Ammoniated superphosphate is manufactured by incor- 
porating a small amount of liquid ammonia with superphos- 
phate. The product contains about 2 per cent nitrogen in 
addition to 18 per cent available phosphoric acid. 


9. EXPERIMENTAL RESULTS 


Literally thousands of field experiments have been con- 
ducted with different fertilizers on various soils and crops. 
Some have been continued over periods of twenty to more than 
fifty years. The applicaticn of results is largely restricted to 
the soil and climatic conditions under which the tests were 
made. The systems of fertilization outlined in this and other 
chapters have been based, to a large extent, on the results of 
experimental work. It is suggested that those interested in 
such results, farmers as well as students, secure and study 
available publications in which the results of experimental 
work done with fertilizers, especially in one’s home state, are 
recorded. 
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COMMUNITY STUDIES 


1. Visit a local fertilizer dealer. Ascertain: (1) the grades of fertilizer 
used most extensively in the community; (2) the current prices of mixed 
fertilizers and fertilizer materials. (3) Make a copy of the guaranteed 
analysis appearing on the bag or on a tag attached thereto. (4) If pos- 
sible, secure samples of the different fertilizers. 

2. Visit several farms where fertilizers are used. Determine: (1) the 
analysis of fertilizer used; (2) the rate of application; (3) the method of 
application. 

3. Examine the fertilizer attachment of a small-grain drill or a corn, 
potato, or cotton planter. Has provision been made to prevent the fer- 
tilizer from coming in contact with the seed? 

4, Interview any local farmer who home-mixes his fertilizer. Secure 
his opinion as to the advantages of home-mixing. Secure from him the 
formula or formulas that he uses. 

5. Study the guaranteed analysis secured from the local fertilizer 
dealer and state in simple terms the composition of each fertilizer. De- 
termine which are in the high-analysis and which in the low-analysis 
group. 

6. Examine each sample of fertilizer secured, and determine so far as 
possible the ingredients which it contains. 


PROBLEMS 


1. A 5-10-5 fertilizer contains what percentage of nitrogen? What 
percentage of phosphorus? What percentage of potassium? 

2. How many pounds of nitrogen, of phosphoric acid, and of potash 
are there in a ton of a 4-124 fertilizer? 

3. What is the bone phosphate of lime (BPL) equivalent of the phos- 
phoric acid in a 5-10-5 fertilizer? The sulfate of potash equivalent of 
the potash? 

4. How many pounds of nitrate of soda, superphosphate (16 per cent 
phosphoric acid), sulfate of potash, and filler would it require for a ton 
of a 2-8-2 mixture? How many pounds without the filler would be re- 
quired to equal a 400-pound application of a 2-8-2 mixture? 

5. How many pounds of animal tankage, superphosphate (14 per cent 
phosphoric acid), kainit, and filler would be required for a ton of a 
5-10-5 mixture or its equivalent? 

6. Assume that you have a 5-acre patch of potatoes to fertilize. The 
application is to be equivalent to 1000 pounds to the acre of a 4-124 
mixture. How much sulfate of ammonia, 16 per cent superphosphate 
and muriate of potash would you have to buy for the home-mixing of 
the fertilizer necessary for the 5 acres? 
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7. What would be the percentage in saving in buying a 10-20-10 
analysis of mixed fertilizer at $55 a ton instead of a 5-10-5 analysis 
at $32.50 a ton? ‘ 

8. If cyanamid is applied at the rate of 100 pounds to the acre every 
three years, how many years would be required for the cyanamid to 
reduce the acidity as much as a one-ton application of ground lime- 
stone? (Refer to Table XXXI.) 


REFERENCES 
EXPERIMENT STATION PUBLICATIONS 


Basic Slag for Louisiana. La. Bul. 176. 

Concerning Fertilizer Practice. Vt. Bul. 248. 

Different Sources of Phosphorus. Pa. Bul. 252. 

Fertility Experiments on Sassafras Soils. Del. Bul. 209. 

Fertilizer Grades for Connecticut. Conn. Ext. Bul. 285. 

Fertilizer Recommendations for New York. N. Y. (Cornell) Bul. 281. 
Fertilizer Suggestions for Idaho Farmers. Id. Ext. Bul. 109. 
Fertilizers for Indiana Soils and Crops. Ind. Cir. 162. 

Fertilizers for New Jersey. N. J. Bul. C398. 

Fertilizers—What They Are and How to Use Them. Mich. Bul. 8133. 
Fertilizing and Liming Practices for South Carolina. S. C. Cir. 60. 
Garden Fertilizers. N. J. Bul. E92. 

General Fertilizer Test. Pa. Bul. 264. 

Grades of Fertilizers for Corn and Cotton. Ala. Cir. 70. 
High-Analysis Fertilizers. Mo. Ext. Bul. 278. 

Home-Mixing of Fertilizers. Mass. Ext. Cir. 19. 

Home-Mixing of Fertilizers. S. C. Ext. Bul. 126 

Indiana Soils Need Phosphates. Ind. Cir. 79. 

Minor Elements in Land Fertilization. N. J. Bul. E173. 
Responses from Various Sources of Nitrogen. S. C. Bul. 309. 
Results of Thirty Years’ Soil Investigations. S. Dak. Bul. 325. 
Soil Management and Fertilization for Tobacco. Ky. Bul. 379. 
Summary of Soil-Fertility Investigations. Ind. Bul. 198. 
Top-Dressing Hay Lands. N. H. Ext. Cir. 147. 

Value of Phosphates on Indiana Soils. Ind. Bul. 210. 


CHAPTER VIII 
LEGUMING AND GREEN MANURING 
For a permanent and profitable system of fertilization the 


nitrogen needs of the crop must be supplied economically, and 
the organic-matter content of the soil conserved efficiently. 


Fig. 152. A Frevp or ALFALFA. 


Irrespective of the type of general farming, legumes, either as regular crops in the 
rotation or as catch crops or cover crops, furnish nitrogen economically and organic 
matter efficiently. 


On livestock farms, farm manure is a valuable asset in meet- 

ing these two essentials. On vegetable farms, and to some 

extent on fruit farms as well, nitrogenous fertilizer materials, 

such as nitrate of soda, may be used profitably as a source of 

nitrogen. However, catch crops and cover crops should be 

grown and returned to the soil as green manure in both 
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garden and orchard, in order that the organic-matter supply 
may be replenished adequately. On grain and hay farms, 
where little livestock is kept, the nitrogen must be secured 
largely from the atmosphere through the growing of legume 
crops. Organic matter may be replenished not only by the 
return to the soil of the stubble of the crops, but also by the 
return of crop residues, such as cornstalks and straw, of good 
sods, and, under special conditions, of green-manure crops. 
Irrespective of the type of general farming, legumes, either as 
regular crops in the rotation or as catch crops or cover crops, 
furnish nitrogen economically and organic matter efficiently. 


Operations: 


1. Leguming land. 

2. Securing the maximum growth of legumes. 
3. Utilizing legumes to best advantage. 

4. Growing green-manure crops and cover crops. 
5. Utilizing crop residues. 

6. Maintaining good sods. 


1. Legumine LAnp 


The practice of utilizing legumes as a source of nitrogen 
without returning them as green manure has been termed 
leguming land. It means the frequent growing of legumes in 
the rotation in order that available nitrogen may be secured 
from the inexhaustible supply of the atmosphere. The prac- 
tical value of legumes used in this way is not yet fully appre- 
ciated, and there is still a widespread belief that for soil 
improvement a legume must be plowed down as green manure. 
The practice of leguming land should be classed with those of 
fertilizing, manuring, and green manuring. Until this direct 
value of legumes is fully appreciated, these crops will not be 
used most effectively in the maintenance or the improvement 
of soils. 


346 LEGUMING AND GREEN MANURING 


On the average farm more legumes can be grown to advan- 
tage. By utilizing the nitrogen of the air they lessen the need 
for this expensive plant-food in fertilizers, thereby reducing 
materially the fer- 
tilizer bill. They 
are rich in protein, 
and when they are 
used as roughage 
in the feeding of 
livestock a concen- 
trate lower in pro- 
tein can be used, 
resulting in a re- 
duction in the feed 
bill. The legumes 
more commonly 


used as roughage, 

Leguming land means the frequent growing of legumes 1 
in the rotation in order that available nitrogen may be such 28 alfalfa and 
secured from the inexhaustible supply of the atmosphere. clover, have a high 


lime and_ phos- 
phorus content; and, when fed to young stock, produce bone of 
good quality. From the standpoint both of fertilizer and of 
feed economy, legumes should be grown frequently in the 
rotation. 

Legumes take nitrogen from the air by means of bacteria. 
These bacteria penetrate the root hairs and multiply in the 
roots. As they multiply, enlargements form on the roots which 
are called tubercles or nodules. Their energy and most of their 
food are supplied by the plant sap. They utilize nitrogen of 
the air which circulates through the soil and for this reason 
are called nitrogen-gathering or nitrogen-fixing bacteria. Un- 
less these nodules develop, legumes, like other plants, must 
secure their nitrogen from the soil. When nodules form in 
large numbers on the roots of legumes in nitrogen-deficient 


Fig. 153. Atsike CLover. 


1See “Dairy Cattle,” by Yapp and Nevens, published by John Wiley 
& Sons, for feeding of dairy cattle. 
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soils, even more nitrogen is normally taken from the air than 
from the soil. : 

To secure the maximum benefit from legumes, either re- 
turn them to the soil as a green manure or feed them to live- 
stock and return the manure to the land. Either method of 
disposition returns to the soil a considerable amount of both 
the nitrogen and the organic matter of the tops. If livestock 
is kept in sufficient numbers to consume the legumes, they 
can be used most advantageously as feed. Otherwise, on grain 
and hay farms, the legumes grown as regular crops in the 
rotation should be sold as cash crops, and only those grown as 
catch crops or cover crops 
should be plowed under. 
Frequently a second 
growth, as of clover, may 
be returned to the soil. 

Legumes need not be 
returned to the soil to be 
of benefit to the crop 
which follows. Even when 
they are removed and sold 
from the farm, there is an 
increase in the available 
nitrogen of the soil. Under 
favorable conditions, this 
may amount to as much 
as 100 pounds of avail- 
able nitrogen to the acre 


as a result of one year 
of alfalfa or clover. This Fie. 154. Wear arrEer ALFALFA VS. 
Wueat Aarrer TimMoTuy. 


beneficial effect may be 
Legumes need not be returned to the soil 
observed on the second to be of benefit to the crop which follows. 
and third crop following Even where removed and sold from the farm, 
there is an increase in the available nitrogen 
a legume. A non-legume  ¢ the soil. 
grown with a legume may 
make a more vigorous growth than one produced alone. If 
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Fig. 155. Lert ro Ricut: Timotay arveEr TIMOTHY AND CLOVER, SECOND- 
Ynar Hay; Same, Turrp-Yrar Hay; Timotuy arrer Timotuy, SECOND- 
Year Hay; Same, Turrp-Yrar Hay. 


The beneficial effect of legumes may be observed on vhe second and sometimes on 
the third crop following. 


Fic. 156. A Frevp or CLover anp Timortny. 


If timothy and clover are grown together, particularly on nitrogen-deficient soils, 
the timothy makes a better growth and is of a darker green color than if grown alone on 
the same soil. 


LEGUMING LAND 349 


timothy and clover are grown together, particularly on nitro- 
gen-deficient soils, the timothy makes a better growth and is 
of a darker green color than if grown alone on the same soil. 

Legumes may benefit the soil in other ways than by in- 
creasing the available nitrogen. They are deep-rooted crops, 
and when grown on heavy soils they may materially benefit 
the drainage, as the roots decay and leave openings through 
the subsoil. They draw more heavily on the subsoil for the 
mineral plant foods than 
do the shallower-rooted 
crops. Consequently, 
when the legumes are 
returned either as green 
manure or as farm ma- 
nure, these minerals are 
returned to the surface 
soil. In this way a trans- 
fer of mineral plant- 
food from subsoil to 
surface soil is brought 
about. 

Still another benefit 
of legumes is not gener- 
ally appreciated. It is 
their value in replenish- 
ing the organic-matter 
supply of the soil. By 
furnishing available ni- 
trogen to the crop fol- 
lowing, increased growth Legumes are deep-rooted crops and benefit 
4 : A the soil by transferring mineral plant-food from 
18 secured, which means the subsoil to the surface soil. 
more organic matter in 
the root and stubble; and when the crop is utilized as feed 
or bedding for livestock, there is also an increase in the organic 
matter returned in the manure. Consequently, legumes not 
only supply available nitrogen for the other crops of the rota- 


Fic. 157. Atratra Roots. 
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tion, but, to some extent at least, replenish the supply of both 
minerals and organic matter in the surface soil. Plan to grow 
a soil-improving legume on land every few years. 

The value of leguming land is clearly shown by the results 
secured in a number of experiments. At the Pennsylvania 
Experiment Station, the yield of corn, oats, wheat, and hay 
grown in a four-year rotation has been maintained over a 
period of fifty years without the application of a nitrogenous 


Fig. 158. Crnrer—Tiwotuy arrer Timotry. Ricgut anp Lert— 
TIMOTHY AFTER CLOVER AND TimoTuy. (Agronomy Dept., N. Y. State 
Col. of Agr.) 


The value of leguming land is clearly shown by the results secured in a number of 
experiments. 


fertilizer, farm manure, or a green-manure crop. Red clover 
has been grown with timothy as the hay crop; and even though 
all the crops of the rotation have been removed from the 
land, the yields have remained practically constant over this 
long period of years where the mineral plant-food constituents 
were supplied. At the Ohio Experiment Station, the yield of 
wheat in a three-year potato, wheat, and clover rotation has 
been maintained over two fifteen-year periods at 36 bushels 
to the acre, by the use of superphosphate and muriate of 
potash. At the Cornell Experiment Station, New York, clover 
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grown with timothy increased the yield of timothy hay the 
following year more than three times as much as did 100 
pounds of nitrate of soda applied to second-year timothy 
which had been seeded without clover. The growing of white 
clover in permanent pastures has been found an economical 
source of nitrogen for the pasture herbage.” 


2. SECURING THE Maximum GrowTH or LEGUMES 


Success with legumes is an essential of good soil manage- 
ment. Not only must failure be prevented, but also a good 
growth must be secured. Otherwise, the legumes will not 


Fig. 159. First Currina ALFALFA. 


Success with legumes is an essential of good soil management. Not only must 
failure be prevented, but also a good growth secured. Keep the land in sod for one- 
third, or, better still, one-half the time. 


function efficiently either in the improvement of depleted soils 
or in the maintenance of productive ones. Under normal con- 
ditions, the larger the yield of a legume the greater will be its 
benefit to the crops that follow in the rotation. 

Legume crops utilize the nitrogen that becomes available in 
the soil during their growth. They draw on the air for addi- 
tional nitrogen as it is needed. Consequently, where the yield 
is small, relatively less nitrogen is taken from the air. The 


2See General Information at end of chapter for benefits of lezumes. 
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nitrogen utilized by increase in yield above a certain point 
comes largely, if not entirely, from the air. Obviously, then, 
the efficiency with which a legume utilizes atmospheric nitro- 
gen is dependent on the growth or yield of the crop. Likewise, 
its beneficial effect on heavy subsoils, its efficiency in transfer- 
ring minerals from the subsoil to the surface, and its ability 
to replenish soil organic matter are dependent upon the amount 
of growth made. 


Fig. 160. Criover SEEDING IN Oats. 


For success with alfalfa and clover in a section where the winteris severe, use 
hardy northern-grown seed, 


Procedure: 


A. Plant hardy seed. 
B. Inoculate. 
C. Supply other essentials. 


A. Plant hardy seed. Failure with red clover and alfalfa 
in the northern states is often due to the use of southern- 
grown seed. For success with these two legumes in a section 
where the winters are severe, use hardy northern-grown seed. 
As a result of a persistent demand for hardy seed of alfalfa 
and clover, a federal seed law requiring a guarantee of origin 
of the seed has been passed. Success with these two legumes 
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requires, first of all, that properly adapted seed be used, and, 
as with legumes in general, that the seed be of good quality.* 

B. Inoculate. Legumes not only fail to utilize atmospheric 
nitrogen, but normally make little growth unless they are 
inoculated. Many soils are naturally inoculated for certain 
of the legumes. The fact that a soil is inoculated for one 
legume does not necessarily mean that it is inoculated for all 
others. The more common legumes are classified in six groups, 
based on inoculation. Those within a group are inoculated by 
the same bacteria, but the different groups require different 
bacteria. Alfalfa and sweet clover are in the same group. 
Red and alsike clover are in an- 
other group. Consequently, a soil 
inoculated for sweet clover is not 
necessarily inoculated for either 
red or alsike clover.* 

If a given legume has been 
successfully grown on a field, and 
the soil is well supplied with 
organic matter and maintained 
in a condition favorable for the 
growth of the legume, it will 
remain inoculated for this legume 
or any other of its group for 
a period of five to 10 years 
or longer. Farmed soils over 
much of the United States have 
been found to be rather uni- ; Commercial cultures of the va- 

a rious legume bacteria can be used 
vereally inoculated for red clover satisfactorily for inoculating seed. 
and the other legumes of its 
group. On the other hand, soils are not commonly supplied 
with bacteria for alfalfa and sweet clover. ‘Consequently, 


Fie. 161. Auratra INocuLA- 
TION. 


3 See General Information at end of chapter for federal seed-staining 


law. 
4See General Information at end of chapter for the six groups of 


legumes. 
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where grown for the first time on a piece of land, they should 
be inoculated. It is also essential for good yields on most 
soils to inoculate for vetch, soybeans, and Canada field peas 
the first time they are produced on a field. Under some 
conditions, inoculation may be of value even though the soil 
contains the desired bacteria; but if such a soil is in a good 
state of fertility, the benefit would not normally be sufficient 
to justify inoculation. 

If inoculation is needed, it can be supplied by inoculating 
either the soil of the field or the seed before it is planted. To 
inoculate the field soil, secure soil known to be inoculated for 
the particular legume, scatter it over the surface of the field, 
and promptly harrow it into the topsoil. If the seed is to be 
inoculated, commercial cultures of the various legume bac- 
teria can be used with satisfaction. Numerous brands of 
commercial inoculants are on the market. When using them, 
follow directions in detail. Soil secured from around the 
roots of thoroughly inoculated plants, or a commercial culture 
for a given legume, may be used for inoculating the seed of any 
of the legumes in the same group.°® 

C. Supply other essentials. Besides good seed and ade- 
quate inoculation, there are four other prime essentials for 
good yields of legumes. They are: (1) good drainage, though 
there are some legumes which will grow well in wet soils; 
(2) a well-prepared seed-bed; (3) lime; and (4) phosphorus. 
On the whole, legumes require even better drainage than non- 
legumes since they are susceptible to heaving during the winter 
months, and this injury is less severe on well-drained soils. 
Where a soil is poorly drained, even the hardy strains of alfalfa 
and clover may be winter-killed as a result of heaving. Be- 
cause of the smallness of the seed, such legumes as alfalfa and 
clover need an especially well-prepared seed-bed, and cover- 
age should never be more than one-half inch. Though the 
lime requirement of legumes varies, those most extensively 


5 See General Information at end of chapter for full directions for 
the inoculation of legumes. 
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used for leguming land require liming if soils are acid. Almost 
without exception legumes are benefited by superphosphate 
or other phosphatic fertilizer. Where potassium is deficient, 
apply a potash material in addition to the superphosphate. 
A deficiency of lime, phosphoric acid, or potash will result in 
weaker root development, making the plants more susceptible 
to heaving. The heaving of both clover and alfalfa has been 
greatly reduced by the liberal application of superphosphate. 
The lack of full success with alfalfa and clover is most often 


Fig. 162. Axuratra. Limep on Lert, UNLIMED on Riaut. 


Though the lime requirement of legumes varies, those most extensively used for 
leguming land require liming if soils are acid. 


due to one or more of the following causes: (1) winter-killing 
resulting from poor seed or inadequately drained soil; (2) 
lack of inoculation; (3) acid soil; (4) insufficient phosphoric 
acid or potash. The character and rate of seeding of the 
companion crop and improper seeding technique may be addi- 
tional influencing factors. In dry climates sulfur may be 
needed as well as phosphoric acid or potash, particularly for 
alfalfa, and on very poor soils nitrogen may be helpful in 
establishing a seeding. One of the best sources of nitrogen 
for a legume seeding on depleted soil is farm manure. Deter- 
mine the factors which influence the growth and yield of 
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legumes in the local community, and supply the essentials for 
successful legume production. 
3. Uritizinc Lecumes to Best ADVANTAGE 


The amount of nitrogen fixed by legumes varies with con- 
ditions. An inoculated legume, seeded in a nitrogen-free soil 


Fie. 163. Rep Clover Puants HEAVED FROM A SQUARE YARD OF MEADOW. 
Upper: Manure; Lower: Manure, Lime and Superphosphate. 


A deficiency of lime, phosphoric acid, or potash will result in weaker root develop- 
ment, making the plants more susceptible to heaving. 


medium, is capable of securing from the air the nitrogen 
necessary for normal growth and final seed production. Grown 
under field conditions, a legume invariably secures part of 
its nitrogen from the soil. The richer the soil is in available 
nitrogen the less atmospheric nitrogen does a given growth 
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of a legume utilize. Conversely, the poorer the soil the more 
efficiently is atmospheric nitrogen fixed, provided, of course, 
that the growth is not retarded. Other factors, such as the 
degree of inoculation, kind of legume, climatic conditions, 
amount of soil organic matter, and mineral plant-food supply, 
including lime, are all influential. 

It is doubtful if the total nitrogen content of a productive 
soil can be increased materially by the growing of legume 
crops. It is not certain that an increase in nitrogen and or- 
ganic matter would be secured, except in poor soil, even when 
the legume is returned as green manure or in the form of ani- 
mal manures. Even so, the productivity of farmed soil has 
been maintained over a period of years by growing legumes 
and by supplying the necessary minerals as fertilizer. Legum- 
ing land should be looked upon as a means of securing a tem- 
porary supply of available nitrogen, and not as a practical 
way of permanently increasing the total nitrogen supply of 
the soil. However, the successful and frequent growing of 
legumes is recognized as an essential for the economic con- 
servation of field soils. 

To utilize legumes efficiently, then, grow them frequently 
in the rotation, and supply the essentials for good growth. Do 
not apply nitrogen as a fertilizer except where necessary to 
assure a stand, but force the crop to utilize the inexhaustible 
supply of the atmosphere. In systems of grain farming where 
little or no manure is returned, grow a legume such as clover 
once in three years. In general livestock farming, clover once 
in four years will suffice if the manure is well cared for. In 
intensive dairy farming where large amounts of concentrated 
feeds and some roughage are purchased, once in five years will 
prove adequate. 

Some legumes are much more valuable than others in 
leguming land. Alfalfa and sweet clover have been found 
particularly valuable for this purpose. Red and alsike clover 
are also very effective in increasing the available nitrogen 
supply for the following crop, even though only the roots and 
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stubble are returned.. These four legumes seem to be in a class 
by themselves and can well be considered the most valuable 
of the legumes to be used as regular crops in the rotation. 
White clover is a most valuable legume for supplying nitrogen 
to permanent pastures, and the large growing Ladino variety is 
no doubt of great value in either pastures or hay meadows. 
Burr clover is an efficient soil-building legume for the South. 


Fie. 164. Lert to Rieut: Rye arrer Rye; Rye arrer SoyBEANS} 
Ry& AFTER CLovER; AND RYE AFTER ALFALFA. 


Some legumes are much more valuable than others in leguming land. 


Lespedeza is a poor land legume and may be used where 
one cannot afford the necessary lime to insure success with 
clover and alfalfa, but it is not sufficiently hardy for the 
northern states. Beans and peas of all kinds are far less 
effective than alfalfa and the clovers in leguming land. To 
be of material value, it is necessary that these less effective 
legumes be utilized as green manure. Less is known of the 
effectiveness of crimson clover and vetch, though in all prob- 
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ability they are superior to beans and peas. They are not, 
however, so extensively adapted to field-crop rotations as are 
red and alsike clover. Take into consideration, in choosing 
a legume, the effectiveness with which it utilizes atmospheric 
nitrogen. 

Where a perennial legume, alfalfa, for example, is grown 
for several years, there is probably little accumulation of 
available nitrogen in the soil after the first year. Instead, 


Fie. 165. Lerr to Rigut: WHEAT AFTER GRAIN; WHEAT AFTER ONE 
Yar or ALFALFA; WHEAT AFTER Two YEARS OF ALFALFA; AND WHEAT 
AFTER THREE YEARS OF ALFALFA. 


Where a perennial legume, alfalfa, for example, is grown for several years, there is 
probably little accumulation of available nitrogen in the soil after the first year. 


the available nitrogen stored the first year is re-used by the 
second-year alfalfa. Each year the crop uses the available 
nitrogen secured the year before. Consequently, where the al- 
falfa hay is sold from the farm, little additional benefit is se- 
cured after the year of greatest growth. If left on the land 
until it largely runs out, the soil, in all probability, contains 
less available nitrogen for the following crop than it did at 
the end of the second year. To be used most efficiently as a 
source of available nitrogen for the other crops, alfalfa should 
be grown in a relatively short rotation. 
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4. Growing GREEN-MANURE Crops AND CovER CROPS 


The growing of crops to be plowed under while still green 
has been found a practical means of replenishing soil organic 
matter on many farms. This practice is termed green manur- 
ing. Catch crops and cover crops are commonly used for this 
purpose, as they do not interfere with the regular crops of the 
rotation. They can be utilized to best advantage as green 


Fig. 166. PLowmNG UNDER A GREEN Crop oF Ryn. 


The growing of crops to be plowed under while still green has been found a practical 
means of replenishing soil organic matter on many farms. 


manure where the supply of farm manure is inadequate or the 
cost prohibitive. 

The organic-matter content of farmed soils must be kept 
at a fairly high level. This is not easily done. Even under 
the best systems of soil management it is difficult to increase 
the organic-matter content of a soil beyond a certain point 
without the purchase of organic material. Nevertheless, 
organic matter can be supplied in sufficient amounts, even 
though manure is not used, to keep the soil in a high state of 
productivity. 
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Every system of cropping and fertilization may be said to 
have its soil organic-matter equilibrium. Good soil manage- 
ment results in a high equilibrium; poor soil management in 
a low equilibrium. 

In addition to improving the physical conditions of the 
soil, such as its tilth and water-holding capacity, organic mat- 
ter as it decomposes furnishes plant-food in an available 
form. It is the storehouse of the nitrogen supply of the soil. 
In addition, it contains the various minerals used by plants. 
It also furnishes energy for soil organisms. These low forms of 
plant and animal life function most efficiently in soils well 
supplied with decomposable organic matter. They are them- 
selves responsible for the decomposition, and they utilize cer- 
tain of the products formed. 

The decomposing process is exceedingly complicated. It 
normally consists of three stages: (1) putrefaction, (2) am- 
monification, and (3) nitrification. Although plants are 
known to utilize some nitrogen from the intermediate stages 
of decomposition, in practical crop production we are most 
concerned with the last stage called nitrification. The organ- 
isms responsible for producing this change are known as nitri- 
fying bacteria, and the product formed is nitrate nitrogen.® 
This is a soluble and readily usable form of nitrogen. In the 
process of decomposition the mineral elements in the organic 
matter, as well as the nitrogen, become available. It has 
been found also that mineral plant-food becomes available 
more rapidly from the soil grains as the supply of decomposing 
organic matter is increased. Organic matter, then, may be 
considered an absolute essential of a productive soil, and 
maintaining it at a relatively high level is an essential for effec- 
tive soil conservation. 

Green-manure crops, particularly when grown as cover 
crops, conserve soil nitrates. Nitrogen is constantly becoming 
available, except when the soil is frozen, and, unless utilized 
by growing plants, leaches away in the form of nitrates. Cover 

6 See page 31 for information on bacteria and other soil organisms. 
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crops also make use of the mineral plant-food that becomes 
available, and, where returned as green manure, these minerals 
go back to the soil and become rapidly available to the follow- 
ing crops. Cover crops are also of value in preventing both 
water and wind erosion. In general, it is a good practice to 
keep a crop of some kind on the land at all times, and par- 
ticularly throughout the full growing season. 


Procedure: 


A. Consider growing green-manure crops when conditions are 
favorable. 

B. Select the crops to grow. 

C. Grow properly. 

D. Plow under at proper stage of growth. 


A. Consider growing green-manure crops when conditions 
are favorable. Green-manure crops have been found par- 
ticularly well adapted to market gardens and truck farms. 
Owing to the diminishing supply of manure available from the 
cities, vegetable producers have been forced to depend more 
and more on green manures for organic matter. The practice 
of green manuring fits well into vegetable production, since 
many vegetables are short-season crops and thus permit the 
growing of a green-manure crop the same year. Also, because 
of the richness of garden soils, green-manure crops grow more 
rapidly and luxuriantly on them than on ordinary soils. The 
heavy applications of fertilizer commonly made for vegetables 
make it most essential that a cover crop be grown to utilize 
and conserve the residual effect of the fertilization. Except 
where manure is used in large amounts, grow green-manure 
crops if vegetables are produced for either market or home 
consumption. 

Cover crops are an essential part of efficient soil manage- 
ment for tilled orchards. Plant in the summer or early fall, 
and plow down as green manure to replenish the organic mat- 
ter of the surface soil. Such crops reduce the nitrate and 
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water supply of the soil at the season when a reduction is 
desirable for the proper ripening and coloring of the fruit. 
Cover crops, returned as green manure, can be used to good 
advantage in vineyards. 

Green manuring in connection with field-crop production 
has its limitations. In the Cotton Belt, with its long growing 
season, green manuring is extensively practiced, and is an 
essential in the successful permanent production of cotton. 
However, in the northern states, with the shorter growing sea- 
son, there is less opportunity to utilize green-manure crops in 
the regular field- 
crop rotations. It 
has been found eco- 
nomically unsound 
to devote a full 
growing season to 
a green - manure 
crop. On the 
strictly grain farms 
catch crops may be 
grown under fa- 
vorable conditions, 
and occasionally a 
second growth of a 
crop such as clover, 
may be plowed un- 
der as green manure. In livestock farming green manuring is 
impractical, for the crops can be utilized to better advantage 
as feed and the organic matter replenished with farm manure 
and the plowing under of sods. In arid and semi-arid sections, 
on account of the heavy drain on the soil-moisture supply, the 
practice of green manuring is also limited in its application. 
Not only does the growing crop draw on the soil moisture, but 
also the decomposition of the organic matter within the soil 
requires water and becomes an additional drain on the limited 
supply of the soil. 


Fig. 167. A Cover Cror In AN ORCHARD. 


Cover crops are an essential part of efficient soil 
management for tilled orchards. 
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B. Select the crops to grow. Crops grown for green ma- 
nure fall into two groups: the legumes, and the non-legumes. 
Of the two, the legumes are the more valuable since they can 
utilize atmospheric nitrogen. In the green state they are very 
succulent, and generally 
have a higher moisture 
content than the non- 
legumes. As a result, they 
decompose very rapidly in 
the soil, and drain less 
heavily than the non-leg- 
umes on the soil-moisture 
supply. This is particularly 
true of sweet clover. The 
legumes are also more ef- 
ficient than the non-leg- 
umes in replenishing the 
soil organic matter. On 
poor soils, the legumes will 
grow more vigorously than 
the non-legumes, provided 
the essentials, other than 
nitrogen, are supplied. Of 
the legumes, sweet clover, 
winter vetch, crimson 
clover, and cowpeas are 


Fig. 168. Rye anp VETCH. especially valuable. 


Sometimes a combination of a legume and Non-legumes can be 
a non-legume can be used to advantage as used to best advantage on 


Se ee winter vetch  Sery rich soils, where the 

soil is heavily manured, or 
where liberally fertilized with a nitrogenous fertilizer. Under 
either of these conditions nitrogen becomes available from the 
soil; and the non-legume utilizes it for growth, thus conserving 
it by producing a new supply of organic matter. Of the non- 
legumes, rye is most extensively used as green manure. There 
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are three possible advantages of the non-legumes: (1) they 
make more rapid growth; (2) the seed is cheaper; and (3) they 
are less subject to winter-killing. Where conditions are favor- 
able, seed legumes in preference to non-legumes as green- 
manure crops. On rich soil, particularly where grown as a 
winter crop, consider using a hardy non-legume such as rye." 

Sometimes a combination of a legume and a non-legume 
can be used to advantage as a green-manure crop. Rye and 
winter vetch are frequently grown together. The rye supports 
the vetch, and the vetch utilizes atmospheric nitrogen. In 
general, the non-legume green-manure crops conserve soil 
nitrogen and organic matter; the legumes under favorable 
conditions increase the available nitrogen supply, and may 
actually increase the total soil supply of both nitrogen and 
organic matter. 

C. Grow properly. There are three common ways of pro- 
ducing green manure: (1) as cover crops, (2) as catch crops, 
and (3) as second growth of harvested crops. 

Cover crops are generally seeded in the fall, and as they 
occupy the land during the winter months they are frequently 
called winter cover crops. Rye, winter oats, wheat, vetch, 
sweet clover, and crimson clover are some of the crops used for 
this purpose. The growing of winter cover crops has been 
found practical in tilled orchards and on vegetable farms. 
In field-crop production, their use should be restricted to 
sections where the growing season is long and the winters 
mild. 

Catch crops can be seeded either after the regular crop 
has been harvested or at some time during its growth. The 
former practice is restricted to sections with a long growing 
season. Here, cowpeas, soybeans, or some other rapid-grow- 
ing crop can be produced after early vegetables. The crop 
may be turned under as green manure in the fall, and a winter 

7See General Information for experimental results with legumes and 


non-legumes as green manures. 
8 See General Information for list of cover crops with rates of seeding. 
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cover crop planted. The practice of seeding a green-manure 
crop with a regular rotation crop can be employed where the 
growing season is long. Any one of several crops may be 
seeded in corn, cotton, or other cultivated crop at the time of 
the last cultivation. Narrow, three- or four-hoe drills are used 
in some sections for seeding catch crops between the rows of 


Fic. 169. Cowrras in Corn. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


The practice of seeding a green-manure crop with a regular rotation crop can be 
employed where the growing season is long. 


corn and cotton. In grain-crop rotations sweet clover may 
be seeded on wheat during the winter or early spring. After 
the wheat is cut, permit the clover to grow until plowed under 
in the early spring. In the latter case it would be a cover crop 
as well as a catch crop. 

The second growth of clover, or clover and timothy, may 
be used for green manure. On livestock farms either cut and 
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feed or pasture the second growth of hay. In grain farming, 
on the other hand, plow’it under as a green manure, except on 
soil very rich in organic matter. 

D. Plow under at proper stage of growth. Green-manure 
crops should be plowed under when the plants are succulent. 
In this state they decompose rapidly in the soil, supplying 
available plant-food for the following crop. When permitted 
to approach maturity they draw heavily on the soil-moisture 


Fig. 170. Pxiowine unpER Swrert Ciover. (Agronomy Dept., Ill. Agr. 
Exp. Sta.) 


Green-manure crops sbould be plowed under when the plants are succulent. In 
this state they decompose rapidly in the soil, supplying available plant-food for the 
following crop. 


supply during the later stages of growth, and when plowed 
under make additional demand on the soil moisture in order 
to secure sufficient water for decomposition. Where the green- 
manure crop is plowed under in the fall and the land is not 
to be seeded until spring, permit it to reach a more mature 
stage. Let a legume crop grow larger than a non-legume be- 
fore plowing under, since the additional growth will result in 
the legume’s fixing additional atmospheric nitrogen, much of 
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When plowed under in the succulent state, fully 50 per cent 
of the green manure decomposes the first year. For a short 
period after a heavy growth of a green-manure crop is plowed 
under, seed germination may be injured. The application of 
lime to be plowed under with the green crop may hasten de- 
composition, and reduce any injury to the germination of the 
seed of the following crop. For non-legume green-manure 
crops, an application of a nitrogenous fertilizer material just 
before plowing under will greatly hasten decomposition. By 
plowing under in the succulent state fully two weeks prior to 
the seeding of the following crop, good results will invariably 
be secured the first year. It is always desirable to follow a 
green-manure crop with a non-legume, preferably a cultivated 
one. 


5. Utinizinc Crop RESIDUES 


It is necessary on many farms to replenish the organic- 
matter supply of the soil largely through the return of crop 
residues. Even with the return of residues, soil organic mat- 
ter cannot be maintained at a desirable level if grain, cotton, or 
other soil-depleting crops are grown exclusively. In the South, 
one should utilize cotton stalks in this way. In the grain 
sections, where cornstalks and straw are often produced in 
excess of the needs of the livestock kept, return them to the 
land and plow under, in preference to burning them. On 
vegetable farms, plow the residues under directly, or place in 
piles until partially rotted before returning to the land. The 
latter method of handling is called composting. Materials 
that hasten the decomposition of compost may be purchased. 
When compost is made of straw or similar dry residue, large 
quantities of water must be applied to it. The resulting ma- 
terial is known as artificial manure. The labor cost is pro- 
hibitive except in very intensive vegetable production.® 


® See General Information at end of chapter for directions for making 
artificial manure, and at end of Chapter XI for making compost. 
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Where residues decompose on the surface there is a rapid 
loss of organic matter. The decomposition process should take 
place in the soil. Unfortunately, when residues of mature 
crops are plowed under, they cause a temporary reduction in 
the soil nitrates and thus compete with the crop for nitrogen. 
To avoid this temporary injurious effect, plow the residues 
under in the fall on land which is to be used for a spring crop. 


Fig. 171. CornstaLtxs Lert ovER WINTER TO BE PLOWED UNDER IN THE 
SPRING. 


It is necessary on many farms to replenish the organic-matter supply of the soil 
largely through the return of crop residues. 


Occasionally straw and stover bring a price high enough 
on the market to justify selling them. In some communities 
the practice of burning certain of the crop residues can be 
justified on the ground of controlling plant diseases and insect 
pests. So far as possible, plow all residues under unless they 
can be utilized as feed or bedding for livestock, in which event 
they wili be returned in the farm manure. 
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6. Marntarnrinc Goop Sops, or PracticING GRASSLAND 
FARMING 


Considerable amounts of organic matter are retained in 
the roots and stubble of crops. This is particularly true of 
meadow and pasture sods. The grass crops, such as timothy 
and bluegrass, have fibrous roots which permeate the surface 
soil and materially improve its physical condition. This bene- 
ficial effect of sod is always apparent in the plowing of sod 
land. The small grass roots decompose rapidly when the sod 
is plowed under, and supply available plant-food, especially 
nitrogen, to the following crop. This is the reason that corn, 
with its high-nitrogen requirement, does so well on sod land. 

Since sod reduces soil erosion to a minimum, it reduces 
the loss of surface soil and consequently of soil organic matter. 
Where clover is combined with grass in either meadow or 
pasture, nitrogen is secured from the atmosphere. In addition 
to the nitrogen-gathering bacteria of the legumes, another 
group of soil bacteria is capable of utilizing atmospheric nitro- 
gen. They are known as independent bacteria, and are par- 
ticularly active in soils that are well supplied with organic 
matter. Azotobacter and Clostridium are two of the most im- 
portant of the independent bacteria. Pastures, and meadows 
as well, where the hay is fed and the manure returned, gain 
rather than lose in nitrogen and organic matter, provided that 
a good vigorous sod is maintained. This appears particularly 
true when the sod is composed of a mixture of grass and clover. 
Under favorable conditions, independent bacteria may fix as 
much as 40 pounds of nitrogen to the acre a year. 

In practice, sods are too frequently permitted to “run out” 
before they are plowed down. The practice of leaving land 
in timothy for a long period of years has not been conducive 
to soil improvement. As a result, timothy is considered a 
soil-exhausting crop. However, when it is grown for one or 
two years, and a heavy sod plowed down, it is in reality a 
soil-improving crop. Especially is this true if clover is seeded 
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with it, or if it is top-dressed with manure or a nitrogenous 
fertilizer. In the same way, land left in permanent pasture 
until the sod is thin may actually become depleted; but if a 
heavy sod is maintained by proper soil treatment and the intro- 
duction of clover, the soil will become more productive from 
year to year. 

A practical field-crop rotation conducive to the mainte- 
nance of soil organic matter must provide for at least one sod 
crop. Keep the land in sod for one-third, or, better still, one- 


Fig. 172. PLowineé UNDER Sop. 


A practical field-crop rotation conducive to the maintenance of soil organic matter 
must provide for at least one sod crop. 


half the time. A legume sod or a mixed grass and legume sod 
is preferable to one composed of grass alone. Where the sod 
is composed largely of grass, top-dress it with manure or a 
nitrogenous fertilizer. Plow down all sods before they become 
thin, and, in general, follow with a cultivated crop such as 
corn or potatoes. 

For soil conservation sod crops are in a class by them- 
selves. They not only include the true grasses but many of 
the better soil-improving legumes as well. The terms grass- 
land farming and grassland agriculture have been applied to 
cropping systems in which sod crops occupy a large proportion 
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of the cropped and grazed land. Soil-depleting crops are grown 
only to the extent required for a practical rotation system. 
In extreme cases, sod crops may be grown to the exclusion of 
all others, but this type of grassland farming can seldom be 
justified. 

The extent to which farm land can be kept in grass depends 
largely on the amount and kind of livestock. Although more 
sod crops should be grown in the grain- and cotton-producing 
sections, an adequate amount of sod requires farm animals as 
a means of utilizing efficiently the grass and legume roughage. 
The amount of hay which can be disposed of as a cash crop 
will always be limited. In dairy sections the use of grass and 
legumes for silage is receiving much consideration. 

Sod as a means of soil conservation is of value not only 
because of its efficiency in erosion control, but also because it 
makes possible the maintenance of soil organic-matter at a 
high level and is an economic source of nitrogen. When sod 
crops are grown and fed to livestock and supplementary grain 
feed is purchased, the soil will automatically be conserved pro- 
vided, of course, the sod is not permitted to become poor in 
quality. The establishment of perennial legumes in both hay 
meadows and permanent pastures is essential for maximum 
efficiency. Soil conservation is dependent largely on the pro- 
portion of land in sod, and the quality and disposition made of 
the sod crops. 


GENERAL INFORMATION 
1. Benerits or Lecumgs 


The beneficial effect of legumes on the succeeding crops 
has been determined in a number of experiments. At the 
Cornell Experiment Station red clover grown in small areas 
has been compared with rye in its effect on the four following 
crops. Both the clover and the rye were harvested and only 
the roots and stubble returned. The yields of the four crops 
are given in Table XXXIV. 
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The comparative effect of alfalfa and timothy has also 
been determined under. field conditions. The two crops had 
been grown separately for hay over a period of eight years. 
Some alsike clover volunteered with the timothy. At the end 


TABLE XXXIV 


YIELD OF Crops FoLttowine Rep CLovER AND Ryer, RESPECTIVELY 


Acre Yields 


First Crop, | Second Crop, a oe Fourth Crop, 
Oats, Bu. | Wheat, Bu. *" | Wheat, Bu. 
Tons 
After red clover 98 37 Be 35 
PATGOTIY.C. eter - 53 24 3.9 32 


of the eight-year period, the alfalfa sod had become thin and 
contained considerable amounts of weeds and grass. Even 
so, distinctly larger yields of grain crops were secured for 
three consecutive years after the alfalfa than after the tim- 
othy, as shown in Table XXXV. 

TABLE XXXV 


YIELD oF GRAIN Crops AFTER ALFALFA AND TimoTHy Sop, RESPECTIVELY 


Acre Yields 


Bu. Corn Bu. Oats | Bu. Wheat 


itersalialtasOd ater idee: ene 80 74 40 
Ai CerpiD Oth y SOM mee aaa: 54 63 36 


The comparative effectiveness of different legumes in bene- 
- fiting the crops following is shown in Table XXXVI. These 
results were also secured at the Cornell Station. As in the 
other tests the legumes were removed and only the roots and 
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stubble returned. Lime, phosphoric acid, and potash were 
supplied to make conditions favorable for the legumes. 


TABLE XXXVI 


Tur COMPARATIVE EFFECTIVENESS OF THE DIFFERENT LEGUMES 


Total Acre Yield, Tons of Grain and 
Kind of Legume Straw Combined over Three-year Period, 
Including 1 Barley and 2 Rye Crops 


SAL faliaity. octet tacts eae ere 8.75 


Sweet.clovensac se eee 8.57 
Red and alsike clover mixed. . 8.21 
Alsikesclovermens. 2 oe Ce 8.08 
Redicloversscear eee oe 7.95 
Soybeans. 5. sti ec 4.44 
Pieldibeanse sc merce eee 4.25 
Non-legume (oats or rye)... .. 2.68 


The value of red clover in a corn rotation is clearly shown 
by the results secured at the Illinois Experiment Station. 
Corn has been grown continuously since 1879, in comparison 
with corn grown in rotation. A definite three-year rotation 


TABLE XXXVII 


AVERAGE Corn YIELDS, Morrow Ptats, ILuinois ExpERIMENT STATION 


Continuous Corn Three-Year Rotation 


Lime, Manure, No Fortier Lime, Manure, 


. ve 
No Fertilizer and Phosphorus and Phosphorus 


24 bu. 52 bu. 69 bu. 


was established in 1888, and since 1904 the experiment has 
been continued both with and without fertilizer. The average 
yields of corn for the period 1904 to 1925, inclusive, both with 
and without fertilizer, are given in Table XXXVII. 
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2. FEDERAL Seep Law 


This law requires the staining of red clover and alfalfa 
seed imported into the United States. The staining is done 
either by the customs authorities at the port of shipment or 


Fig. 173. Corn on Morrow Prats AT THE ILLINOIS EXPERIMENT STATION. 
Lert: Corn AFTER Corn; Rigut: Corn AFTER RED CLover. (Agronomy 
Dept., Ill. Agr. Exp. Sta.) 


The value of red clover in a corn rotation is clearly shown by the results secured at the 
Illinois Experiment Station. 


by those at the port of entry into the United States. The 
staining requirements are as follows: 


(1) Seed known to be unadapted for general use in the United 
States, or the source of which is unknown, is stained red to the 
extent of 10 per cent of the kernels. 

(2) Seed not definitely determined as unadapted for general use 
in the United States is stained green to the extent of 1 per cent of 
the kernels. Alfalfa seed from South America has 10 per cent stained 


orange-red. 
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(3) Seed produced in Canada is stained violet to the extent of 
1 per cent of the kernels. It is adapted to general use in the United 
States. 

(4) Seed of domestic origin must have a tag attached to each 
bag on which is recorded the location of its production. 


3. Metruops or INOCULATION 


A. Commercial cultures. Three types of commercial ma- 
terials are available for the inoculation of the seed of legumes. 
They differ in the kind of medium used to carry the bacteria, 
and they may be classified as follows: 


(1) Sand or soil cultures. 
(2) Jelly cultures. 
(38) Liquid cultures. 


These commercial cultures are prepared in such a way that 
each contains the bacteria required for inoculating a specified 
legume or group of legumes. By sterilization, other organisms 
which might be injurious are destroyed. They are often 
designated as pure cultures. Any one of the three types may 
be used with entire satisfaction, provided that the material is 
fresh and the seed treated according to the directions furnished 
with the material. It is very important that the directions be 
followed in detail, and the seed planted within a few days after 
treatment. These commercial cultures are inexpensive and, 
in general, their use is preferable to other methods of in- 
oculation. 

B. The glue method. Another method of inoculating the 
seed is to secure soil from around the roots of inoculated 
legume plants belonging to the same group as the legume 
which is to be inoculated. Sift this soil, and partly dry with- 
out exposing to the direct sunlight. To make certain that a 
sufficient amount of the inoculated soil adheres to the seed, 
glue should be added to the water. Dissolve a pint of liquid 
glue or a pound of dry furniture glue in a gallon of water, and 
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use this solution for moistening the seed. Moisten the seed to 
be inoculated with a pint to a quart of the solution to the 
bushel of seed. Milk may be used instead of glue and water, 
as it makes the seed sufficiently sticky. The addition of a 
small amount of starch or of sugar to supply nourishment for 
the bacteria, is often advised. Mix a quart or more of in- 
oculated soil with each bushel of moistened seed. The inocu- 
lated seed should be spread out promptly on a canvas or a 
tight barn floor to dry. Do not expose to direct sunlight while 
drying. When thoroughly dry, re-bag until needed for seeding. 

C. Field inoculation. Instead of treating the seed, the soil 
itself may be inoculated by the following method. ‘Secure 
soil from the surface 6 inches of a field on which a legume 
of the desired group is growing. Make certain that there is a 
good development of tubercles on the roots. Apply this soil at 
the rate of several hundred pounds to the acre. If sifted, it 
may be applied with a lime distributor or the fertilizer attach- 
ment of a grain drill. If applied to the surface, harrow the 
field promptly to mix it with the topsoil. Owing to the labor 
involved, this method has largely been replaced by the use of 
commercial cultures. 

In some communities it is a common practice to sow a 
small amount of alfalfa seed with a clover or clover-and- 
timothy seeding, as a means of inoculating the field for a 
future seeding of alfalfa or sweet clover. Where this is done, 
the alfalfa seed used should itself be inoculated by means of 
one of the methods suggested. 


4, Tue Stx Groups or LEGUMES 


On the basis of inoculation, legumes are classified in six 
groups: 
Alfalfa 


Group 1 {Sweet clover 
Burr clover 
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Red clover Cowpea 
Alsike clover Peanut 
Groupe White Dutch clover Group 4 {Japan clover 
Wild white clover Velvet beans 
Crimson clover Lima beans 


Ladino clover 
Group 5 {Soybean 
Canada field pea 
Group 3 Garden pea 
Vetch 


Garden beans 


CRON he field beans 


Legumes within a group respond to the same inoculation, 
but they cannot be inoculated successfully with the bacteria 
of another group. There is evidence that nitrogen-fixing bac- 
teria may gradually adapt themselves to other groups of 
legumes than the one on which they developed. 


5. Crops Usep As GREEN- MANURE AND Covrer Crops 


The more common green-manure crops and cover crops 
with rates of seeding are given in Table XX XVIII. 

Burr clover and velvet beans are suited to warm climates 
only. Crimson clover and cowpeas require a moderately warm 
climate, whereas Canada peas, buckwheat, and timothy are 
adapted to the cooler sections of the country. Oats are com- 
monly mixed with Canada peas in the proportion of 1 bushel of 
each, and the mixture seeded at the rate of 2 to 3 bushels to 
the acre. In the southern states, a mixture of 2 bushels of 
oats and % bushel of hairy vetch is frequently seeded in the 
fall as a. winter cover crop to be plowed under in the spring 
as green manure or cut for hay. Where vetch is produced 
as a cover crop, rye 1s commonly mixed with it at the rate of 
1 bushel of rye to 44 bushel of vetch, and the mixture seeded 
at the rate of 1144 to 2% bushels to the acre. 
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TABLE XXXVIII 
Cover Crops AND GREEN-MANURE Crops 
Crop Character aoe pe v 
Seeding 

PAGAN E A Roce chien awed a SR Legume—perennial 15 to 20 Ibs. 
Alsikerclover..,. assesses: Legume—perennial 8 to 12 Ibs. 
Buckwheat. ..... Non-legume—annual L to 15 bu. 
iericlovere tweeter Legume—annual 15 to 20 lbs. 
Canada field pea.......... Legume—annual 30 to 60 Ibs. 
WOW DCAM 27 oie at Aussies nom Legume—annual lz to 2 bu. 
Cowhorn turnips.......... Root crop—annual 23 to 5 Ibs. 
Grimson clover); :...2405-- Legume—perennial 15 to 20° Ibs: 

NBG SPOGOZ8) oii toi catsi ota cceta: Legume—annual and 
perennial 20 to 30 Ibs. 
COCR Ono eae Cereal—annual 2 to, 25 bu. 
NATO Sg ors atcha: sal eias f oeiay teres Non-legume—annual 10 to 20 Ibs. 
RVeEGUICLOVEI:. vie eclosion me Legume—biennial LOM tomlS ailios: 
HVEGCCOD ee menrdite ee eyte ouectaey: Grass—perennial 10 to 12 Ibs. 
Ay Cmts cneichenestene wuetslcieliesecevencie Cereal—annual 1; to; 2° bu. 
‘SOs OSes peewee ede: Legume—annual tom 2 ibue 
DS weenClovelrs on. steers an sen Legume—biennial 15 to 20) lbs. 
Sweet clover (Hubam)..... Legume—annual 15 to 20 Ibs. 
BPIMOL WY isicr a) niente caroks eee Grass—perennial 10 to 12 Ibs. 
Welvetibeans. <2... nyc. «0 Legume—perennial 10 to 12 Ibs. 
W@ien (likiinp) jae socensee a Legume—biennial 15 to 30 Ibs. 
SU Ge at SS ae tae eee Cereal—annual 13ton 2 bu. 


6. CoMPARATIVE VALUE oF LEGUMES AND Non-LEGUMES AS 
GREEN MANURES 


A comparison of legumes and non-legumes as green-manure 
crops, in connection with continuous corn production, was made 
at the Rhode Island Experiment Station. The green-manure 
crops were seeded in the corn at the time of the last cultiva- 
tion. The legume green manure consisted of crimson clover, 
mammoth red clover, or a mixture of several legumes. Rye 
was used for the non-legume green manure. The average corn 
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yields for a period of nineteen years are given in Table 
XXXIX. 
TABLE XXXIX * 


Legume CoMPARED wiTH Non-LEGUME AS GREEN-MANURE CROPS 


(Total acre yield of corn in bushels) 


Kind of Green-Manure Crop 
Period 
Legume Rye None 
L896; tov S99. cusps meee anes cre 46.3 40.7 Be 
1900 toa QOS Fema ote ret cake eee 48.0 40.0 35.5 
LOOG 360 LON See Sete eterna 49.0 32.0 25.0 
AV OLS Cleese, ca ane a al eee 47.8 37.6 30.3 


*R. I. Exp. Sta. Bul. 173. 


At the New Jersey Experiment Station a similar experi- 
ment has been conducted, in which manure as well as com- 
mercial fertilizer has been applied for the corn. The annual 


TABLE XL 


LeGgumMes CoMPARED WITH Non-LEGUMES AS GREEN MANURE 


Legumes as Green Rye as Green 


in Additi 
DESEO Manure, Bu. Corn | Manure, Bu. Corn 


Nothing eae unr eee 36 23 
+ tom manure, ps)... vaee eee 40 29 
IS ton}emaniines wane 37 30 
ZtOns vanlire se eee ee 38 28 


fertilizer application equaled 500 pounds to the acre of a 
5-10-10 mixture. Corn has been grown continuously with a 
mixture of legumes seeded at the last cultivation, in compari- 
son with rye seeded at the same time. The average yield of 
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corn for thirteen years is given in Table XL. Even where 
manure is applied and a fertilizer rich in nitrogen used in addi- 
tion, the legume green manure has been far superior to the 
non-legume. 


7. ARTIFICIAL MANURE 


The rate of decomposition of organic material may be 
hastened by making the conditions favorable to the function- 
ing of the bacteria. It has been found that nitrogen is not 
supplied rapidly enough by the decomposmg organic matter 
to satisfy the needs of the bacteria. The addition of an avail- 
able nitrogenous fertilizer material, such as nitrate of soda 
or sulfate of ammonia, hastens the rate of decomposition, 
especially of such low-protein materials as straw and weeds. 
By using a small amount of lime and superphosphate, the 
process may be speeded up even more, and the resulting 
manure will have a higher fertilizing value. Where desirable, 
the commercial material Adco may be used instead of lime- 
stone, superphosphate, and nitrate of soda. To make artificial 
manure proceed as follows: 

For each ton of dry organic material, use 50 to 75 pounds of 
nitrate of soda or sulfate of ammonia, 100 pounds of super- 
phosphate, and 50 to 100 pounds of ground limestone. 

First distribute a layer of organic material about 12 inches 
thick. Then scatter the fertilizer and lime on it in amounts 
specified. Now sprinkle with water, using, by weight, three to 
four times as much water as organic material. Repeat the 
procedure by adding additional layers of organic material 
and fertilizer, and watering each time. The heap should be 
6 to 10 feet high, the sides should be vertical, and the top left 
flat so that rain water will soak into the stack. Additional 
sprinkling should be given every few days to prevent excessive 
heating. Decomposition will be hastened by forking over the 
material occasionally and sprinkling during the process. 

In warm weather, decomposition proceeds very rapidly, 
and within a few weeks the material is ready for use. About 
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three tons of artificial manure will be secured for each ton of 
dry organic material used. The composition and fertilizing 
value will be similar to that of superphosphated animal 
manure. 


COMMUNITY STUDIES 


1. List the legume crops grown locally in field-crop rotations. 

2. Examine the roots of the different legumes and note the size and 
shape of the tubercles. 

3. If heaving of alfalfa or clover plants is observed in a new seeding, 
determine if it may have been caused by an insufficient amount of lime 
or phosphoric acid. 

4. Examine the roots of alfalfa plants from good and poor areas of a 
field and determine whether there is any correlation between the growth 
of alfalfa and the tubercle formation. 

5. Determine what legumes it 1s necessary to inoculate in the com- 
munity. What method of inoculation is commonly used? 

6. What is the source of the alfalfa and red-clover seed used in the 
community? 

7. Examine alfalfa or sweet-clover fields in the early spring and de- 
termine the cause of any winter-killing that is apparent. 

8. List the green-manure crops grown in the community. 

9. What cover crops are grown? 

10. In what way are crop residues utilized on local farms? 

11. How many years is land left in sod? Is the sod in good condition 
when it is plowed under? 

12. What suggestions have you for the improvement of local practices 
relative to the economic maintenance of soil nitrogen and organic matter. 


PROBLEMS 


1. Calculate the value of a red-clover crop on the four crops following 
on the basis of the Cornell Station results (Table XXXIV), when crops 
are valued as follows: oats 40 cents a bushel, wheat $1 a bushel, and 
corn fodder $8 a ton. 

2. On the basis of the Illinois Station results (Table XX XVII), and 
with corn priced at 50 cents a bushel, what is the average fertilizer 
value over a twenty-two year period of clover on the following corn 
crop, both with and without treatment. 

3. Calculate the average increase in the yield of corn following a 
legume green-manure crop, over that following rye, on the basis of the 
New Jersey Station results as given in Table XL. 
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CHAPTER Ix 


MANAGING FIELD SOILS 


For the profitable production of field crops, fertilizer 
economy is essential. Certain of the cash crops, particularly 
field-grown vegetables, will return a profit from liberal applica- 
tions of mixed fertilizers, but the grain and hay crops do 


ie Ne a is Bes < Z iS 
Fic. 174. Crop Rovatrion ON THE PENNSYLVANIA STATE COLLEGE FARM. 


Essential to the profitable fertilization of field crops is the establishment of an ade- 
quate rotation. 


not offer a sufficient margin of profit to justify large fertilizer 
expenditures. For their economic production, nitrogen must 
be furnished largely by legumes or by farm manure. This 
necessitates that they be grown in a rotation with legumes, 
and that any additional nitrogen needed be furnished so far 
as possible by farm manure, green manure, or crop residues. 
Essential, then, to the profitable fertilization of field crops, is 
the establishment of an adequate rotation. The fertilizer 
384 
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practice should take into consideration the rotation as well as 
the individual crops. 


Operations: 
1. Choosing the rotation. 
2. Establishing the rotation. 
3. Fertilizing the rotation. 
4, Evaluating the soil-management program. 


1. CHoosING THE ROTATION 


Grow field crops in a well-planned rotation. The continu- 
ous production on the same field of a single crop, other than 
sod, has been found unwise, and in the long run unprofitable. 
Cotton is still grown continuously in sections of the South, as 
is corn in parts of the Corn Belt, and wheat on certain western 
farms. Nevertheless, efficiency in production, including the 
profitable use of fertilizers and the replenishing of the organic- 
matter supply, necessitates that field crops be produced in 
rotations suited to both the soil and the climatic conditions. 


Procedure: 
A. Consider local rotation practices. 
B. Plan the rotation. 
C. Provide for emergency crops. 


A. Consider local rotation practices. In choosing a rota- 
tion, give consideration to the cropping systems followed by 
the more successful farmers of the community. Their rota- 
tions have been tried out and found suited to the local condi- 
tions. It may be possible to improve such rotations, but 
seldom can they be successfully replaced by an entirely dif- 
ferent cropping system. 

B. Plan the rotation. A field-crop rotation should nor- 
mally include three types of crops: a cultivated crop, a small- 
grain crop, and a hay crop. On livestock farms, where the 
permanent pasture area is inadequate, include in the rotation 
a pasture crop as a fourth type. Special cash crops, such as 
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potatoes, beans, and sweet corn, can often be introduced to 
advantage, occupying part of the field devoted to one of the 
cultivated crops in the regular rotation. 

In addition to being composed of crops adapted to the local 
soil, climatic, and market conditions, the rotation should make 
provisions for the following essentials of a good cropping 
system: 


) Efficient utilization of labor throughout season. 

) A legume soil-improving crop every three to five years. 

) A sod crop, either legume, grass, or combination of the two. 
) One or more cash crops. 

) Feed and bedding for livestock. 

) Substitute crops in case of failure of regular crops. 

) Catch crops and cover crops where practical. 

) Soil conservation. 


Corn, oats, and clover is a simple three-year grain and hay 
rotation. On rich Corn Belt land an additional corn crop is 
frequently included, and then the rotation consists of corn, 
corn, oats, and clover. The three-year rotation of potatoes, 
wheat, and clover is an excellent potato rotation. Other culti- 
vated cash crops, such as beans, cabbage, and sweet corn, may 
be substituted for potatoes; and in sections where the grow- 
ing season is short, oats or other spring grain may be substi- 
tuted for wheat. On dairy farms, where a relatively large 
amount of hay is needed, the following four-year rotation is 
common in the northern states: silage corn the first year; a 
mixed spring grain such as barley or oats the second year; 
clover and timothy the third; and timothy the fourth. Where 
the soil is adapted to alfalfa, a five-year rotation of corn, 
mixed grains, and three years of alfalfa is excellent for the 
dairy farmer. For the Cotton Belt, a rotation of cotton with 
a legume green-manure crop the first year, corn the second, 
and oats and vetch or crimson clover hay the third year, 


1See General Information at end of chapter for list of advantages of 
rotating crops. 
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followed with a legume soil-improving crop, has proved very 
effective.” 

These standard rotations give the more common sequences 
of crops in field rotation systems. Local conditions neces- 
sarily influence the crop rotation or rotations best suited to a 
given farm. In determining the rotation for the individual 
farm, in addition to studying those followed by the better 
farmers of the community, keep in mind the essentials of an 
adequate rotation, consider the topography and size of the 


Fig. 175. A Frevp or BuckwHBEat. 


Often buckwheat is seeded in the late spring or early summer on land that could 
not be put in condition for spring grains. 


farm, make certain that the crops are suited to the local 
market conditions, and finally be sure that the rotation will 
make possible the efficient conservation of the soil. 

C. Provide for emergency crops. Make provision for the 
introduction into the rotation of emergency crops to be sub- 
stituted when regular crops fail, or when, because of labor 
shortage, unfavorable weather, or another emergency, the 
regular crop has not been planted in season. A spring grain, 
such as oats, barley, or spring wheat, is often produced when 


2See General Information at end of chapter for additional repre- 
sentative rotations. 
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winter wheat fails; and in sections where buckwheat is grown, 
it is seeded in early summer on land that could not be put in 
condition for spring grains. Emergency hay crops include oats 
or a mixture of oats and peas, soybeans, millet, and Sudan 
grass. Although substitute crops are not ordinarily included 
in a statement of the rotation, nevertheless, in standard rota- 
tions provision has been made for their introduction. 


2. ESTABLISHING THE ROTATION 


In establishing a crop rotation, it is desirable to have the 
same number of approximately equal-sized fields as there are 
years in the rotation. This may necessitate a rearrangement 
of fields. Not infrequently, farms are divided into numerous 

small, irregularly 


shaped fields. Under 
Corn 40 A, an 
such conditions, an 
Corn adjustment of field 
d Pi 0 A. ‘ 
120 A. Si cata arrangement is an 
essential factor of 
Oats 40 A. 
good farm manage- 
First Year ment. 
It normally re- 
quires several years 
Clover 40a. fully to establish a 


new crop rotation 
with its accompany- 
ing system of fer- 
tilization. Figure 
176 illustrates the 


ee ae 7 ane establishment of a 
IG. b STABLISHING A LHREE- YEAR NOTA- : 

TION OF Corn, OATs, AND CLOVER ON a 120- three-year-rotation 

AcrE Farm on WuicH Onty Corn Has BEEN of cor n, oats, and 

Grown. clover. It is as- 

sumed that the land 

had been in corn the previous year. Since it is difficult to 


secure a good hay crop the first year from the spring seeding 


Clover 40 A, 


Second Year Third Year 
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of clover, oats and field peas are grown on one field the first 
year for hay. The three regular crops are produced the 
second year, but not until the third season is the corn crop 
grown on clover sod. Longer rotations may require even a 
greater length of time to become fully established. 

Frequently two or more separate rotations are used on 
the same farm.’ Conditions which may justify a special 
additional rotation are: 


(1) Where a cash crop such as potatoes is grown and the area of 
good potato soil is limited. 

(2) To confine the production of heavy, green crops, such as 
corn silage to fields near the farm buildings. 

(3) Where a part of the farm is subject to erosion, necessitating 
the less-frequent growing of cultivated crops, or their elimination 
from the rotation. 

(4) In order that meadows on which aftermath grazing is to be 
practiced, may be conveniently located in respect to buildings, lanes, 
and water supply. 


3. FERTILIZING THE ROTATION 


In determining the system of fertilization for field rota- 
tions, consider the individual crops as well as their sequence. 
The cash crops, particularly vegetables, should be fertilized 
more generously than crops grown for feed. Always fertilize 
liberally the crops that normally return the greatest acre 
profit. When this is done the residual effect of the fertilizer 
will frequently be adequate for the other crops.* 


Procedure: 
A. Fertilize grain and hay rotations. 
B. Fertilize vegetables grown in field rotations. 
C. Fertilize cotton rotations. 
D. Fertilize special crops grown in field rotation. 


3 A double-rotation system adapted to dairy farming is outlined and 
discussed in the General Information at the end of this chapter. 

4See General Information at end of chapter for experimental results 
with rotations. 
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A. Fertilize grain and hay rotations. Emphasis has al- 
ready been given to the importance of conserving and utilizing 
most advantageously the farm-manure supply, and of growing 
legumes as a means of furnishing nitrogen for the other crops 
of the rotation.® Separately or combined, these two factors 
can be considered absolutely essential to the economic pro- 
duction of grain and hay. The nitrogen needs of these crops 
must be supplied, largely at least, through legumes and 
manure. Fertilizer nitrogen may, under favorable conditions, 


Fig. 177. Auratra Grown IN RoraTion witH GRAIN Crops. 


The nitrogen needs of grain and hay must be supplied, largely at least, through 
legumes and manure. 


be used in small amounts with profit. Because of the neces- 
sary overhead in the manufacture of mixed fertilizers, they will 
always be a relatively expensive source of nitrogen. Legumes, 
or legumes and manure, must be depended on for most of the 
nitrogen; and when legumes are grown frequently the avail- 
able supply is increased to such an extent that additional 
nitrogen applied as a fertilizer becomes unprofitable. Econ- 
omy in grain and hay production necessitates cropping sys- 
tems and manuring practices which will largely, if not entirely, 
eliminate the need for complete fertilizers. 


5 See Chapters V and VIII for manuring and leguming land. 
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The need for potash will depend on the character of the 
soil and on the disposition of the crops grown. Sandy and 
gravelly soils, as well as muck and peat, are more in need of 
potash than are the heavy-textured mineral soils. When the 
crops are largely fed to livestock, the resulting manure will 
normally meet any potash deficiency. Where potash is needed, 
purchase it as muriate of potash or as a mixed fertilizer high 
in potash such as the 0-20-10 or the 0-20-20 analysis. In a 
commercially mixed fertilizer with a low potash content, the 
cost of this constituent is prohibitive for grain and hay crops. 

In grain farming where little livestock is kept, grow clover 
or alfalfa once in three years, and supply adequate potash as 
well as phosphorus as fertilizer. On livestock farms where the 
grain and roughage are used for feed and bedding, a legume 
once in four years will suffice. If considerable feed is pur- 
chased, clover once every five years will supply sufficient 
nitrogen for good yields. 

If grain crops occupy the land for more than two consecu- 
tive years, it becomes necessary, except on soil well supplied 
with organic matter, to add nitrogen as well as phosphoric 
acid as fertilizer. Potash also will be needed under these con- 
ditions. In the common four-year rotation of corn, oats, 
wheat, and hay, the wheat will respond to nitrogen and often 
to potash also. If manure is available, it can be used advan- 
tageously for wheat. Otherwise, the wheat requires nitrogen 
and potash in addition to phosphoric acid, for good yields. 
Even under these conditions, wheat must sell at a high price 
to return a profit from the nitrogen and potash supplied in 
the ordinary grain fertilizer. 

A similar need for nitrogen occurs where timothy is grown 
for several consecutive years. A good growth of clover with 
the first-year timothy will furnish adequate available nitrogen 
for the second-year hay. Unless a good clover crop is se- 
cured, top-dress timothy the second year with manure or a 
nitrogenous fertilizer. Even with good clover the first year, 
apply annually a similar treatment to timothy, beginning the 


392 MANAGING FIELD SOILS 


third year. Except on soils that because of their rough or 
stony character are expensive to till, do not leave a seeding 
of clover and timothy for more than two years. This obviates 
the necessity of applying expensive nitrogenous fertilizers for 
timothy. 

In some winter-wheat producing sections where the grow- 
ing season is long enough to permit following corn with wheat, 
a rotation of corn, wheat, and one or more years of hay is 


Fig. 178. A Farm ON wuHicu THE Sort Is WELL FERTILIZED. 


This general system of soil treatment, consisting of lime, a phosphatic fertilizer 
material, and manure, is recognized as economically sound and permanently effective 
for livestock farms, 


followed. This rotation includes only two soil-depleting crops, 
and if the hay is largely clover and grown for but one year, it 
is a good rotation for land not subject to erosion. 

On livestock farms where most of the crops are fed and 
the residues used as bedding, the fertilizer problem is simpli- 
fied. Under these conditions large yields can be secured per- 
manently through the use of lime and a phosphatic fertilizing 
material. Grow clover or alfalfa regularly in the rotation, 
and conserve and apply the manure properly. The nitrogen 
needs of the grain crop can be fully supplied in this way. 
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In fact, on some dairy farms where alfalfa is grown regularly 
in the rotation or where large amounts of concentrates are 
purchased, excessive amounts of nitrogen are supplied, with 
the result that small-grain crops lodge or grow so rank as to 
injure the seeding. Apply lime once in the rotation as long 
as it is needed for the legume hay crop, and treat all the 
manure produced with 40 to 60 pounds to the ton of super- 
phosphate or rock phosphate. Make an additional application 
of the phosphatic fertilizer material under certain conditions 
for unmanured grain crops. This general system of soil 
treatment, consisting of lime, a phosphatic fertilizer material, 
and manure, is recognized as economically sound and per- 
manently effective for livestock farms. 

A well-fertilized grain rotation. The rotation of corn, corn, 
oats, and clover is very common in the Corn Belt. A plan for 
its fertilization will suffice as a standard for grain farming 
as well as livestock farming in the Central Prairie Section. It 
is assumed that some manure is produced on the farm. Where 
this is not so, shorten the rotation to three years by the 
elimination of one of the corn crops, unless it is feasible to 
produce a legume green-manure crop with the first-year corn. 
Fertilize the rotation as follows: 


Corn, 200 pounds superphosphate. 

Corn, 10 tons superphosphated manure, or 400 to 600 pounds of 
superphosphate and 100 pounds of muriate of potash. 

Oats, 2000 pounds ground limestone if needed for clover. 

Clover, no fertilizer. 


If rock phosphate is used instead of superphosphate, apply it 
at the rate of 800 to 1000 pounds to the acre once in the rota- 
tion. Where manure is used, mix the rock phosphate with it 
for the second-year corn, otherwise plow it under with the 
clover sod for first-year corn. Other forms of lime may be 
substituted for limestone where prices justify their use, and 
the lime may be applied for corn instead of for oats. Heavier 
initial applications of lime will be needed on very acid soils. 
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Fertilizer for a dairy rotation. The four-year rotation of 
silage corn, oats or mixed grains, and two years of clover and 
timothy is a representative dairy rotation. Fertilize it as 
follows: 


Corn, 10 tons superphosphated manure, 2000 pounds limestone. 
Oats or mixed grains, 300 pounds superphosphate. 

Clover, no treatment. 

Timothy (for hay or pasture), no treatment. 


Other phosphatic fertilizer materials may be substituted for 
superphosphate, and other forms of lime for limestone, as in 
the previous rotation. Where rock phosphate is used, apply 
all of it—800 to 1000 pounds to the acre—with manure, for 
corn. A heavier initial application of lime may be needed. 
Until the lime requirement of the plowed soil for clover is 
fully satisfied, apply the material for oats rather than for 
corn.® 

If this rotation is lengthened by leaving timothy on the 
land two additional years, treat it as follows: Top-dress the 
first of these two timothy crops with 8 to 10 tons of super- 
phosphated manure to the acre. This treatment will suffice 
for the two additional years of hay. If superphosphated 
manure cannot be used, then fertilize the timothy in one of 
the following two ways: (1) In the fall after the first timothy 
crop has been harvested, apply with a drill or lime distributor 
200 to 400 pounds of superphosphate to the acre. Top- 
dress each of the timothy crops in the early spring with 100 to 
200 pounds to the acre of a nitrogenous material, such as nitrate 
of soda, sulfate of ammonia, or cyanamid. If conditions 
necessitate, the nitrogenous material may be broadcast by 
hand or with a Cyclone knapsack fertilizer distributor. (2) 
Top-dress both timothy crops in the early spring with 100 to 
200 pounds to the acre of a high-analysis mixed fertilizer such 


®See General Information at end of chapter for the fertilization of 
other grain and hay rotations. 
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as a 5-10-5, or with 50 to 100 pounds of a concentrated one, 
such as the 10-20-10." . 

B. Fertilize vegetables grown in field rotations. Since the 
field-grown vegetable crops offer a higher net return to the 
acre, they justify a more expensive fertilizer treatment. When 
produced in a short rotation with grain and hay, the field- 


Fie. 179. Frrtp-Grown PoraTogs. 


When produced in a short rotation with grain and hay, the field-grown vegetables 
should receive all the fertilizer used in the rotation. 


grown vegetables should receive all the fertilizer used in the 
rotation. If farm manure is available, it also can often be 
used to best advantage for the vegetable crop. When this crop 
is liberally fertilized, there will be adequate residual effect 
for the other crops, at least in a short rotation. So long as 
the additional fertilizer applied to the vegetable crop pays its 


7 For alfalfa rotation see page 407. 
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way, the residual effect on the other crops is costing nothing. 
The practice of fertilizing liberally the crop in the rotation 
that offers the greatest net profit is sound. 

When manure is applied, use in addition either superphos- 
phate or a fertilizer composed largely of it.. The choice be- 
tween superphosphate and a mixed fertilizer depends on the 
rate at which the manure is applied, the amount of fertilizer 
to be used, the kind of crop, and the character of the soil. 
In general, considering the whole rotation, where manure 
is applied at the rate of fully 10 tons, and not more than five 
dollars’ worth of fertilizer is to be applied to the acre, use 
superphosphate. With an increased fertilizer investment, use 
a complete fertilizer, such as the 4-124 or 5-10-5, at the rate 
of 400 to 600 pounds to the acre, or half as much 10-20-10. 
Where manure is not applied, use the same fertilizer but in- 
crease the amount 50 per cent. If, owing to a potash de- 
ficiency, the yield of the other crops in the rotation is reduced, 
use a fertilizer higher in potash, such as the 4-8-10, for the 
cash vegetable crop, especially where manure is not used, in 
order to make certain of an adequate residual effect of potash 
for the following crops. 

The accompanying suggested system of fertilization for a 
three-year rotation of a field vegetable, small grain, and clover 
will serve as a standard for field-grown vegetables. The ma- 
nure should be applied and plowed under in the fall. 


| Manure and 500 pounds superphosphate, or 
400 to 600 pounds of 4-12-4. 
Without manure, 600 to 1000 pounds of 5-10-5 or 
4-12-4, or 300 to 500 pounds of 10-20-10. 
Wheat, lime as needed for clover. 
Clover, no treatment. 


Potatoes 


Where potato scab is troublesome, it is not practical to 
grow red clover or other lime-loving legumes in the rotation. 
The soil reaction should be maintained at a point favorable 
to scab control, and crops grown in the rotation that are 
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tolerant to the required degree of acidity. If the area of good 
potato soil is limited, a separate short potato rotation may 
be established; or under extreme conditions potatoes may be 
grown continuously on the same land and a winter cover crop 
introduced to replenish, at least in part, the soil organic- 
matter supply. 

C. Fertilize cotton rotations. Cotton is now grown in rota- 
tions throughout much of the Cotton Belt. Corn generally 
follows cotton in the rotation, though often cotton is grown 
for two consecutive years, as is corn in the Corn Belt. Winter 
oats or oats and vetch mixed follow corn, and they in turn 
are followed the same year by cowpeas. Tobacco, sweet po- 
tatoes, and other special crops may enter the cotton rotation. 
Catch crops and winter cover crops, including crimson clover, 
rye, vetch, burr clover, lespedeza, and cowpeas, are successfully 
brought into the more effective cotton rotations. 

Cotton is a cash crop which requires liberal fertilization. 
It responds well to commercial fertilizers, and at normal prices 
gives a good return on the investment. Soils of much of the 
Cotton Belt are generally sandy in character and poorly sup- 
plied with organic matter. The crop requires relatively large 
amounts of plant-food. A 2-bale crop requires more of each 
of the three fertilizer constituents than a 100-bushel crop of 
corn. However, much more nitrogen and phosphoric acid are 
returned to the soil in cotton stalks than in corn stover. Ma- 
nure is seldom available for cotton, and commercial fertilizer 
must be depended on to supplement the plant-food secured 
through legumes, green-manure crops, and crop residues. 

Apply 800 to 1500 pounds of fertilizer to the acre for cot- 
ton. The percentage of nitrogen depends on the character of 
the soil and the frequency with which legumes have been 
grown. Ordinarily, a cotton fertilizer contains 3 to 6 per cent 
nitrogen. Use the 4-12-4, which is virtually a higher-grade 
3-8-3, where the soil is fairly well supplied with organic matter 
or when legumes are grown regularly as catch crops. The 
more concentrated 6-18-6 should, when obtainable, replace 
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the less-concentrated analyses. Where less nitrogen is sup- 
plied by the soil or by legume crops, use the 5—10—-5, 10-20-10, 
or some other analysis approaching the 1-2-1 ratio. 

The following rotation is adapted to much of the Cotton 
Belt, and with the fertilizer treatment given will produce 
good yields permanently. 


Cotton (winter cover crop of crimson or of burr clover), 1000 
pounds of 4-12-4 or 650 pounds of 6—-18-6; 2000 pounds lime- 
stone when needed. 

Corn (cowpeas or soybeans in the row or broadcast at last culti- 
vation), no treatment, except on very sandy soils and then 
apply 100 pounds nitrate of soda or sulfate of ammonia unless 
a good clover crop is plowed under. 

Oats and vetch (cowpeas as green manure), 200 to 300 pounds of 
4-12-4 or 150 to 200 pounds of 6-18-6. 


D. Fertilize special crops grown in field rotations. In 
addition to grain and hay crops, field-grown vegetables, and 
cotton, other crops are produced in field rotations which, 
though of considerable local importance, are of minor general 
interest because of being grown in restricted sections. Of 
these, tobacco, peanuts, sweet potatoes, sugar beets, sugar 
cane, sorghum, rice, buckwheat, and flax are deserving of 
consideration. Study the fertilizer recommendations of your 
state agricultural college in determining the fertilizer treat- 
ment for these or other special crops. 

Tobacco. Tobacco has an unusually high potash require- 
ment. Its quality may be injured by excessive applications of 
nitrogen or by a fertilizer with a high chlorine content. Ex- 
cessive amounts of phosphoric acid may cause too rapid 
ripening. While tobacco will do well on fairly acid soils, lime 
should be applied as needed. Fertilizer for the light-colored, 
bright tobacco grown extensively in Virginia and the Caro- 
linas should contain relatively little nitrogen. It should not be 
grown on rich soils, should not follow legume sod and should 
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not be manured. For the dark-colored types produced in the 
northern states, and Burley tobacco grown extensively in 
Kentucky, use a fertilizer with more nitrogen, and apply farm 
manure if available. Plen to grow these darker types of 
tobacco on clover or other legume sod. Because of the influ- 
ence of the fertilizer on the quality of the crop, the fertiliza- 


Fig. 180. Frmeup or Toxpacco. (U. 8. Dept. of Agr., Bureau of Plant 
Industry.) 


Tobacco has an unusually high potash requirement. 


tion of tobacco should receive special study on the part of the 
individual producer. 

In fertilizing tobacco, at least half the nitrogen should be 
supplied in cottonseed meal, castor pomace, animal tankage, 
or some other organic form. The remainder of the nitrogen 
may come from sulfate of ammonia or nitrate of soda. Super- 
phosphate is a satisfactory source of the phosphoric acid. In 
selecting the potash material, avoid supplying an excess of 
chlorine, though 1 to 2 per cent is considered desirable. Con- 
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sequently, up to 4 pounds of muriate of potash may be used in 
each hundred pounds of fertilizer. Any additional potash 
should be supplied as sulfate of potash. Tobacco frequently 
requires magnesia in small quantities of 1 to 2 per cent in the 
fertilizers. This may be secured by adding magnesium sulfate, 
or by using a sufficient amount of sulfate of potash magnesia. 

For light-colored tobacco, apply 600 to 900 pounds to the 
acre of a 4-16—4, or the equivalent amounts of the three nu- 
trients in a mixture of greater or lesser concentration. On 
sandy soils both the nitrogen and potash should be increased 
about 25 per cent. For dark-colored tobacco, apply 400 to 
700 pounds to the acre of a 4-12-5, or the amount of some 
other concentration necessary to supply the same quantity of 
nitrogen, phosphoric acid, and potash. Manure for most types 
of tobacco may be applied in addition to the fertilizer, but 
when it is used, the rate of application of fertilizer may be 
reduced. 

For cigar-leaf tobacco in the Connecticut Valley, use a 
fertilizer with approximately a 1-1-1 ratio. On areas liberally 
fertilized in past years the phosphoric acid may be somewhat 
reduced. The rate of application normally supplies 100 to 200 
pounds to the acre of each of the plant-food constituents. 
Unless dolomitic limestone is applied, or used in the fertilizer 
mixture, 12 to 15 pounds of magnesium should be supplied to 
the acre for each crop. 

Sweet potatoes. The quality of sweet potatoes, like that of 
tobacco, is materially influenced by their fertilization. The 
shape of the potato, as well as its cooking quality, may be 
modified by the fertilizer treatment. Use a complete fertilizer, 
relatively low in nitrogen but high in both phosphoric acid 
and potash, for sweet potatoes. Make certain that the nitrogen 
comes, partly at least, from animal ammoniates or cotton- 
seed meal. The 48-10 and 3-8-8 mixtures are well adapted 
to sweet potatoes on sandy soils. Apply at the rate of 600 
to 1000 pounds to the acre. 
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Peanuts. The peanut is a legume, and when inoculated 
can use atmospheric nitrogen. In common with other legumes, 
peanuts should be fertilized with superphosphate or a fer- 
tilizer composed of superphosphate and a potash salt. When 
they follow a well-fertilized cotton crop, additional fertilizer 
need not be applied. If the soil is very acid, lime at the rate 
of 2000 pounds of ground limestone, or its equivalent in other 


Tia. 181. A New Jersey Sweet-Potato Fietp. (N. J. Agr. Exp. Sta.) 


Use a complete fertilizer, relatively low in nitrogen but high in both phosphoric acid 
and potash, for sweet potatoes. 


forms of lime, to the acre. Where a mixed fertilizer is neces- 
sary, use the 4-12-4 or 5-10-5, or other analyses with the 
1-3-1 or 1-2-1 ratios. Under conditions requiring additional 
potash, apply the 5-10-10 analysis. 

Sugar beets, sugar cane, and sorghum. Sugar beets are 
extremely sensitive to soil acidity. Lime must be used if the 
soil is acid. Base the rate on the lime requirement of the soil, 
and apply enough to make the surface soil neutral. When 
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these crops are grown on mineral soils, fertilize with a 4-164, 
412-4, or a more-concentrated mixture with a similar ratio, 
and apply at the rate of 300 to 500 pounds to the acre, and 
with equal parts of superphosphate and sulfate of potash when 
grown on muck. Use sulfate of potash to furnish the potash, 
and nitrate of soda and sulfate of ammonia to furnish the 
nitrogen in fertilizer mixtures for sugar beets. Fertilize sugar 


Fig. 182. Firup or Peanuts. (Va. Agr. Exp. Sta.) 


In common with other legumes, peanuts should be fertilized with superphosphate 
or a fertilizer composed of superphosphate and a potash salt. 


cane with 400 to 600 pounds to the acre of a 6-8-4 fertilizer. 
Where desired, the phosphoric acid and potash salt may be 
applied in the fall, and the nitrogen as a top-dressing in the 
form of sulfate of ammonia or nitrate of soda in the spring. 
Where sorghum is grown for roughage, produce it in a 
rotation that makes unnecessary any treatment other than 
superphosphate. Where this crop is grown for sirup, super- 
phosphate suffices on sod ground, on soils well supplied with 
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organic matter and on those recently manured. Otherwise, 
use 400 pounds of a 4-124 fertilizer to the acre. 

Rice, buckwheat, and flax. Fertilize rice, in common with 
other field-grown cereals, largely with superphosphate. Of the 
factory-mixed fertilizers, the 4-16—4 and 4-12-4 are best suited 
to this crop. 


Fig. 183. Fimup or Fuax. (Agronomy Dept., Ill. Agr. Exp. Sta.) 


Except on extremely poor soils fertilize buckwheat and flax with superphosphate. 
Apply 200 to 400 pounds to the acre. 


Buckwheat and flax are short-season crops grown during 
the season when the soil is furnishing available nitrogen and 
potash at a rapid rate. Except on extremely poor soils, fer- 
tilize buckwheat and flax with superphosphate. Apply 200 
to 400 pounds to the acre. Where poor soil necessitates the 
use of a complete fertilizer, use a 4-16-4 or a 4-12-4 analysis 
at the rate of 200 to 300 pounds to the acre. 
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TABLE XLI * 


Tur Som-Propuctiviry orn CoNSERVATION BALANCE OF Crop LAND 


(As indicated by cropping and soil-management practices in any one-year period.) 


Soil-Building Practices 


CREDITS 
A. Meadows Mowed for Hay or Grazed oe Hatt: eon 
1. 50% or more of legumes, seeded 1 yr. before..| ...... +2.0 +. 
2. 50% or more of legumes, seeded 2 yrs. before. .| ...... +0.5 +. 
3. 25% to 50% of legumes, seeded 1 yr. before..| ...... +1.0 +. 
4, 25% to 50% of legumes, seeded 2 yrs. before..| ...... +0.25 | + = 
5. Less than 25% of legumes, seeded 1 yr. before.| ...... +0.25 |] + . 
(If in meadow additional years than stated 
give no credit or debit.) 
A. Total + 
B. Crops or Crop Residues Plowed Under pk ee Een - 
6. Meadow—50% or more of legumes, first 
PLOW thee Wanaeoes Laisa cae ohewraaants Comair) Gooae lt iceamtiagtes +3.0 ae oe 
7. Meadow—50% or more of legumes, second 
growth only. . BP RUERCH both eee, +1.0 +, 
8. Meadow—less than ‘50% ‘of ‘legumes, ‘first 
PLOW LS oe eect ere ate yore eel nro teens a 1Le0 Se 
9. Meadow—less than ‘50% ‘of legumes, ‘second 
Prowth only sys meee eke eases ree tavelie ne llanenetioeeeee +0.25|/+4 . 
10. Green-manure crops 
GaiS wee ticlovienswrcw eee ere ere ste | eee +2.0 +. 
by “Soy bearis earn eae eee rent stan site| cee +1.0 + 
CH Buckwheat tetas ee cer aaiy eet | eee +0.5 + 
d= Ryeror otnersmalligrainsmacer rae | eee +0.5 — 
11. Crop residues (straw, cornstalks, or cotton 
Stalks)Pa Alcs cee ete ce ete is ee +0.25 | + 
B. Total +. 
C. Added to Soil During Crop Year tong Factor ee 


12. Fertilizer 


a= Gessithan, 2076. plant-t00daen aaa eee +1.5 
bwe20%5 to 30 Fouplant-toodemsmnmenen ace | eee +2.25 
cx Over.309%: plant-foodeeveaee caer aoe eee +3.0 
Los lime 
G5. LamiestoOne se aavomma eee one a ous clvcnel moni eee ate OFS 
baby drated imesepwryniet ic aecrc meee eee Ane 
¢, Burned jlime. ae erie tk er ee | eee +1.0 
14. Manure 
a, Cow or mixedten coments he ee eee +0.1 
b. Sheep sets a: <a ee el +0.2 
¢: Poultry ooe ace ee en ed ee ee +0.2 
C. Total 


4 |tt+ +++ +44 
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TABLE XLI—Continued 
Soil-Depleting Practices 


DEBITS 

D. Row and Drill Crops Harvested pres pee poe 
emNon-leguine TOW. CrODsen ean se ke en eee steel eae —2.0 | — 
PeeNon-legume drilled yerOpsyeics css elcssene cs cre col’ faces —1.0 _ 
BMELIeld beans, Peas, SOVIDEANS: cece cease eal a sees —0.5 — 


E. Losses on Land Subject to Erosion 


4. Rowed crops with no provision for erosion 


COMLTOL Saree Pa nero ee ate EID ckonenbes -—1.0 —- 
iB, VAN eh eer ca ey bios ery a oo once ek eae hore ca Oi nice tore atl eae a ae —0.5 - 
6. Rowed and spring drilled crops grown on con- 
tour or in strips, or protected by diversion 
ILC te er he es Pe nite Pin Sete ts ae —0.5 — 
(In sod throughout the year, no debit) E. Total _ 
F. Waste of Manure Exposed Before Tons | Months} Factor | Points 
Spreading a b c axbXe 
ie 
CROOW ANG Mixed MANUTEr pwns ellesiae cetyl! Sasa nce —0.1 _ 
pesbecp and poultrysmanuney: aye. 4|) oe. | noose. —0.2 — 
I. Total — 


*‘* The Soil Productivity Balance of Cropland,’’ by J. W. Slipher, Ohio State 
University and U.S. Dept. of Agr. cooperating. 


4. EVALUATING THE So1t-MANAGEMENT PROGRAM 


A plan for evaluating the effectiveness of the cropping 
and fertilizer system in soil conservation has been developed 
for the State of Ohio.’ A plus-value factor is assigned for 
each soil-building practice, and a minus-value factor for each 
soil-depleting practice. The number of acres multiplied by 
the assigned factor gives the total credit or debit for each 
cropping and soil-management practice. If the total of all 
assigned factors is zero or above, the productivity is being 


7“The Soil Productivity Balance of Cropland,” by J. W. Slipher, 
Ohio State University and U. 8. Dept. of Agr. codperating. 
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maintained; but if less than zero (a minus figure), the soil is 
being depleted. The degree of conservation or depletion is 
indicated by the size of the plus or minus factor. 

To determine conservation factor, add totals A, B, and C; 
then total D, E, and F. Subtract the smaller figure from the 
larger and divide the difference by the total acres of crop- 
land. 

This plan for judging the soil-productivity balance is re- 
produced in Table XLI in a somewhat simplified and modified 
form. 


GENERAL INFORMATION 
1. Fretp-Cror Rotation 


A. The advantages of rotating crops. The growing of crops 
in a well-planned sequence has many advantages over the 
single-crop system. These advantages are briefly stated in the 
list which follows: 


(1) Makes possible the growing of a legume soil-improving crop 
or a sod crop on all the fields of the farm. 
2) Permits seeding grass and clover with a nurse crop. 
(3) Makes possible the application of manure to the various fields 
without applying it for a crop that responds poorly. 
(4) Provides for the alternating of crops having different root 
systems with those differing in their demands on the soil 
nutrients. 
) Assists in the control of insect injury and crop diseases. 
) Helps in weed eradication. 
) Reduces soil loss by erosion. 
) Lessens the loss of nitrates through drainage water. 


The single-crop system of farming can be condemned 
because: 


(1) It is conducive to soil depletion. 

(2) Labor cannot be efficiently utilized. 

(3) It provides only a single source of income which is inadequate 
in years when the yield or the price of the crop grown 
is low. 
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B. A well-planned double-rotation system for a dairy farm. 
In Fig. 184 is given the field arrangement, the rotation system, 
and the soil treatment for a 100-acre dairy farm. A five-year 
rotation of silage corn, mixed grains, and three years of hay 
is followed on the five 1214-acre fields, A, B, C, D, and E. 
A three-year rotation of potatoes, cabbage, or other cultivated 


Field A. Field B. Field C. Field D. 
12% A. 12YWA. 12uwA. 124 A. 
Silage Corn Spring Grain Alfalfa Hay Alfalfa Hay 

1 Ton 
ee ed || Oi kore No No 
DUN hosphate Treatment Treat t 
perphosphated perpncsP | zeae 
Manure 
Farm Permanent Pasture 6 A.—600 lb. Field E. 
Bldgs. Superphosphate Every 4 Years 124% A. 
Field X. Field Y. Field Z. | 
10 A. 10 A. 10 A. 
wed aed ys ae Sweet Clover 
Beans or Spring grain nes Alfalfa Hay 
Cabbage for Pasture 
10 Tons No Fertilizer 
Super- : 1 Ton of No No 
phosphated Limestone on 
Treatment Treatment 
Manure or Alternate 
800 lb. 4-16—-4 Rotations 


Fig. 184. A DovusiE-RoratTion SysTeEM WITH 
Sor TREATMENT. 


crop the first year, followed by rye or spring grain the second, 
and pasture the third, is followed on fields X, Y, and Z. Corn 
or soybeans for grain feed may be substituted for the cash 
crop. Provision is made for a 6-acre permanent pasture in 
addition to 20 acres of pasture in the three-year rotation. If 
additional pasture is needed the third year, alfalfa can be 


used for grazing. 
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The hay seeding in the five-year rotation should include 
alfalfa, Ladino clover, or some other perennial legume adapted 
to the soil and climate. In the three-year rotation, the rye 
or spring grain may be grazed if needed for pasture, and should 
be seeded with a grass and legume mixture to be grazed the 
third year. When additional pasture is needed in midsummer, 
the aftermath growth of hay in the five-year rotation may 
also be grazed. This cropping system with its accompanying 
fertilization should supply adequate hay, silage, and pasture 
for a 25-cow dairy, and in addition a cash crop, or a consider- 
able proportion of the necessary grain feed. 

C. Fertilizing rotations. A supplemental list of repre- 
sentative field-crop rotations for the United States, with sug- 
gested fertilizer treatment, is given for reference: 


(1) Corn, 400 to 600 pounds superphosphate or O0-20-20; oats, 
limestone as needed for clover; clover, none. 

(2) Corn, 400 pounds superphosphate; oats, none; wheat, limestone 
as needed for clover, 200 to 400 pounds superphosphate and 
manure, or 200 to 300 pounds 5-20-5; clover, none. 

(3) Corn, 300 to 400 pounds superphosphate or 0-20-20; soybeans, 
none; wheat, limestone as needed for clover, 200 to 300 pounds 
superphosphate or 5—20-5; clover, none. 

(4) Corn, limestone as needed for clover, 10 tons superphosphated 
manure; oats, none; clover, none; wheat, 200 to 300 pounds 
5-20-5 and sweet clover seeded in wheat as green-manure crop. 


By introducing soybeans after corn, this can be made a 
five-year rotation. Change the treatment by applying the 
lime for soybeans or oats instead of for corn, and use 200 
pounds of superphosphate for oats. 


(5) Tobacco, 2000 pounds limestone, 10 tons manure, 800 pounds 
mixed fertilizer, such as a 5-20-5; wheat, none; clover, none. 


By introducing corn after tobacco this can be changed to 
a four-year rotation. Spring grain, such as oats or barley, can 
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be grown instead of wheat. Fertilize tobacco as in the three- 
year rotation, and leave the other three crops untreated. 


(6) Cotton, 800 to 1000 pounds 4-124, 2000 pounds limestone when 
needed; corn, 8 to 10 tons of manure or 100 pounds sulfate of 
ammonia or nitrate of soda; crimson clover and cowpeas, no 
treatment. 


The crimson clover can be used as green manure, and 
peanuts instead of cowpeas, grown the third year. Apply 200 
to 300 pounds of superphosphate and 50 to 75 pounds of muri- 
ate of potash for the peanuts. 


(7) Corn, 200 pounds superphosphate; beans, 2000 pounds lime- 
stone, 400 pounds 4-16-4; wheat, 200 pounds 4-16-4; clover, 
no treatment. 


2. EXPERIMENTAL RESULTS 


The effect of crop rotation on yields has been determined 
by various experiment stations. Results secured by the Ohio 
and Illinois Stations are of particular value in showing the 
need of rotating field crops, and of combining grain and live- 
stock farming. 

A. Ohio results. At the Ohio Station, since 1894, wheat 
has been grown (1) continuously; (2) in a five-year rotation 
of corn, oats, wheat, clover, timothy; and (3) in a three-year 
rotation of potatoes, wheat, and clover. In all three instances 
the wheat has received the following complete fertilizer treat- 
ment to the acre: 120 pounds nitrate of soda, 50 pounds dried 
blood, 160 pounds superphosphate, and 100 pounds muriate 
of potash. The same rate of application of superphosphate 
has also been used alone in the five-year and the three-year 
rotations. The average annual treatment for the rotation is 
given in terms of nitrogen, phosphoric acid, and potash, in 
Table XLII. 
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TABLE XLII 


TREATMENT OF CHIO ROTATIONS 


Superphosphate |Complete Fertilizer Treatment, 
: Treatment, Pounds Nitrogen, Phosphoric 
Cropping ystem Pounds Phosphoric Acid, and Potash, 
Acid Respectively 

[a 
Continuous wheat... ere 25.6 
50.0 
He 
Five-year rotation. . 10.2 10.2 
26.0 
12.0 
Three-year rotation. Wel We 51 
3380 


The average annual yield of wheat over the thirty-year 
period is given in Table XLIII. 


TABLE XLIII 


ANNUAL YIELD OF WHEAT—OnIO ROTATIONS 


Bushels Wheat per Acre 


Cropping System 


=e Super- Complete 

ae phosphate Fertilizer 
Continuous wheat...... 7.3 metic 19.2 
Five-year rotation...... 10.5 18.8 26.8 
Three-year rotation..... 26.0 35.7 37.9 


These results show clearly the value of a short rotation. 
They also show the efficiency of superphosphate as a wheat 
fertilizer in the three-year rotation, with a yield of 35.7 bushels 
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with superphosphate alone, in comparison to 26.8 bushels in 
the five-year rotation, and 19.2 bushels in continuous cropping 
where complete fertilizer was used. Note also that the wheat 
yield with superphosphate alone in the five-year rotation is 
nearly as large as with the complete fertilizer treatment in 
continuous cropping. 

A comparison of grain farming with livestock farming has 
been made by the Ohio Experiment Station. A rotation of 
corn, soybeans, wheat, and clover has been followed. In the 
grain-farming system the clover has been returned to the land 
as green manure. The results summarized in Table XLIV 


TABLE XLIV 


Oxn10o Resuutts Over SEVEN-YEAR PERIOD 


Average Acre Yields in Bushels 


Corn Soybeans Wheat Clover 


Gramparminoy 6 ees 63.3 19.0 DON Tame cons ae 
Livestock farming....... 68.2 22.9 af «il 2.14 tons 


indicate larger yields of corn and soybeans in the livestock 
system, but a slightly larger average yield of wheat in the 
grain system. From the practical standpoint, the livestock 
system is superior since the clover crop has been utilized as 
feed. 

B. Illinois results. At the Illinois Station on typical 
prairie soil of the Corn Belt, corn has been grown both with 
and without fertilizer and manure since 1904: first, in continu- 
ous culture; second, a two-year rotation of corn and oats with 
clover seeded in the oats as a green manure; and third, a three- 
year rotation of corn, oats, and red clover. A similar cropping 
system, but without fertilizer and manure, had been followed 


412 MANAGING FIELD SOILS 


for twenty-five years or more previous to 1904. The average 
corn yields are given in Table XLV.® 


TABLE XLV 


Corn YIELDS—ILLINOIS EXPERIMENT 


Two-Year | Three-Year 


eae Rotation: Rotation: 
poppe: Corn and | Corn, Oats, 
Corn. 
Oats. and Clover. 
Bu. Corn 
Bu. Corn Bu. Corn 
INGutrea tine teeter eee 22.9 35.6 o2mL 
Lime, manure, and phosphorus. 42.4 54.6 Wa of 


The value of a rotation in corn production, both with and 
without lime, manure, and fertilizer, is shown by these results. 
It is of interest to note that corn has yielded nearly 10 bushels 
more to the acre without treatment in the three-year rotation, 
than with lime, manure, and a phosphatic fertilizer material 
in continuous culture. 

In another experiment at the Illinois Station, farm manure 
has been compared with crop residues. Since the manure has 


TABLE XLVI 


Iuutino1is Resutts—1902 To 1920 


Average Acre Yields, in Busheis, of 14 
Corn Crops, 15 Oat Crops, and 7 


Treatment Wheat Crops 
Corn Oats Wheat 
Crop residues (grain farming)... ... 85.5 59.8 45.9 


Manure (livestock farming)....... 87.2 62.4 43.3 


8 Yields represent averages for the years 1907 to 1913, 1919 and 1925, 
the only instances in which corn was grown in all rotations. 
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been applied in the approximate amounts that would be pro- 
duced in a livestock system, the yields secured in the experi- 
ment may be considered representative of grain and livestock 
farming. They are given in Table XLVI. 

A rotation of corn, oats, wheat, and clover was followed in 
this experiment. Soybeans were substituted when clover 
failed. Yields of legumes have not been included. They were 
cut for hay in the livestock system and at times threshed for 
seed in the grain system. Note that there is little difference 
in the yield of grain crops in either system. Exceptionally 
good yields have been secured by the use of limestone and 
bone meal, but over a period of years it has been found that 
potash is essential in addition to phosphorus in grain farming. 


COMMUNITY STUDIES 


Visit several typical general farms of the community, and secure the 
following information relative to the management of the field soils. 

1. List the field rotation or rotations being followed on each farm. 

2. Secure information relative to the soil treatment employed for 
each rotation. 

3. Plan a rotation which shall include the more important field crops 
grown in the community. Outline a system of soil treatment for this 
rotation. 


PROBLEMS 


1. Start with a wheat field of 100 acres. Divide into five equal-sized 
fields, and develop a five-year rotation of corn, oats, wheat, clover, and 
timothy. Indicate by diagram the crops on each field annually until 
the rotation is finally established. 

2. Calculate how much more wheat was secured at the Ohio Station 
from the application of superphosphate in a three-year rotation than 
from an application of complete fertilizer in a five-year rotation. (Re- 
fer to Tables XLII and XLIII.) 


REFERENCES 
EXPERIMENT STATION PUBLICATIONS 


Concerning Crop Rotation. Vt. Bul. 190. 
Crop Rotation. R. I. Ext. Bul. 29. 
Crop Rotations. S.C. Ext. Bul. 39. 
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Evaluating Annual Changes in Soil Productivity. Mo. Bul. 405. 

Fertility Maintenance by Rotation and Manure. Utah Bul. 271. 

Fertilizers for the Dairy Farm. Wis. Special Cir. 

Fertilizers for Field Crops in Louisiana. La. Bul. 167. 

Fertilizers for Tobacco. Wis. Bul. 418. 

Fertilizing Corn. N. J. Bul. E30. 

Fertilizing Farm Crops. Pa. Cir. 208. 

Fertilizing Field Crops in Ohio. Ohio Bul. 136. 

Meadow Improvement through Seeding, Fertilization, and Management. 
N. Y. (Cornell) Ext. Bul. 181. 

Soil Management for Potatoes. Mich. Bul. $299. 

Tobacco Culture in Maryland. Md. Ext. Bul. 65. 


CHAPTER X 
MANAGING PASTURE SOILS 


Pastures provide the cheapest feed for farm animals. It 
has been estimated that they furnish two-fifths of the total 
feed consumed by the livestock of the United States. The 
dairy and sheep industries are largely dependent on good pas- 


Fig. 185. A Weti-Grazep PERMANENT PASTURE. 


Pastures provide the cheapest feed for farm animals. 


tures. Milk and its products, as well as wool and mutton, can 

be produced at the lowest unit cost when animals are on pas- 

ture. Good pastures are almost as essential in the economic 

production of beef and in raising and maintaining horses as 

they are in the dairy and sheep industries. Even in hog 

production, pastures should be utilized to a considerable extent. 
415 
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The area devoted to pastures in this country is greater than 
that used for the production of field crops. It consists largely 
of land that cannot be economically cultivated. Of greatest 
extent are the areas that are either too rough or too stony 
to be plowed. The range pastures of the West include vast 
areas unsuited to cropping because of inadequate rainfall, 
while in the humid sections scattering areas of wet land are 
pastured. The development of the livestock industry in sec- 


Fig. 186. PERMANENT PASTURE ON Goop LAND. 


Permanent pastures should not be confined to the poorest land on the farm. In 
fact, land should never be considered too good for pasture. 


tions where the land is largely suited to the production of 
cultivated crops has resulted in the pasturing of certain regular 
rotation crops, and in some instances in introducing special 
pasture crops into the rotation. 

In general, pastures have not received the attention they 
deserve, and too often they have been entirely neglected. Asa 
result, American pastures have become poorer from decade to 
decade, as shown by a continued reduction in their carrying 
capacity. In many instances these more or less depleted pas- 
tures are good for short periods during the spring and fall, but 
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are poor the remainder of the grazing season. When properly 
managed and fertilized, the soil of pastured land increases in 
fertility; and, as a result, the carrying capacity of the pasture 
becomes greater with use, and the period of good grazing 
longer. 

Permanent pastures should not be confined to the poorest 
land of the farm. In fact, land should never be considered 
too good to be used for pasture. A good pasture when properly 
managed may produce as much and sometimes more feed than 
an equal area of grain, hay, or silage. A good permanent pas- 
ture should support one mature cow, or its equivalent, to the 
acre throughout most of the grazing season. The practice of 
renting or buying additional poor pasture land for the grazing 
of young and dry stock is a poor substitute for improving the 
carrying capacity and the quality of the existing pasture. 
Because of the low mineral and low protein content and the 
unpalatability of the herbage on poor pastures, animals are 
never so well nourished as they are on good pastures. Poor 
pastures, irrespective of acreage, never solve the problem of 
adequate, good-quality herbage during the seasonal period of 
low productivity.’ 


Operations: 
1. Establishing a permanent pasture on plowable land. 
2. Improving the non-plowable pasture. 
3. Managing permanent pastures. 
4. Incorporating pasture in the rotation. 
5. Growing annual pasture crops. 


1. EsTABLISHING A PERMANENT PASTURE ON PLOWABLE LAND 


Pastures consisting of perennial plants, such as bluegrass 
and white clover, or of self-seeding annuals, such as Lespedeza 
and trefoil, which occupy the land continuously year after 


1See General Information at end of chapter for location of pasture 
areas in United States and character of vegetation in each. 
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year, are known as permanent pastures. They may consist 
of either the native vegetation or the sward resulting from the 
seeding of a grass mixture. Some of the best permanent pas- 
tures today have been established by plowing, fertilizing, and 
reseeding old depleted pastures or meadow lands. 


Procedure: 


A. Plow and fit the seed-bed. 

B. Apply lime and superphosphate. 
C. Seed. 

D. Regulate grazing the first year. 


A. Plow and fit the seed-bed. In improving a badly de- 
pleted pasture, or in establishing a new one on land that can 
readily be tilled, the first step is to plow.? Where the land 
is in sod, plow in the fall in order that the sod turned under 
may partially decompose during the winter and early spring. 
The ground may be left in the rough over winter and the 
seed-bed prepared in the spring in the usual manner. When 
practicable, crop the field for a year or two before seeding down 
in order to destroy weed seed and to permit the thorough 
rotting of the old sod. Prepare the seed-bed especially well, 
as the seeds of the pasture plants are small, and a good stand 
cannot be secured in a cloddy soil. If the supply of manure is 
adequate and the soil poor, apply a light dressing to the 
pasture field prior to plowing. 

Many run-down pastures can be successfully improved 
without plowing and seeding. In general, seeding should be 
resorted to only when new pastures are being established; 
where existing pastures are extremely poor and contain little 
or no white clover, or where, regardless of cost, conditions 
necessitate a pasture of maximum carrying capacity. Other- 
wise, even on plowable land, improve the established sward 
in the way recommended for the non-plowable pasture. 


2See Chapter IV, Tilling the Soil. 


A PERMANENT PASTURE ON PLOWABLE LAND 419 


B. Apply lime and superphosphate. The best time to lime 
and fertilize pastures is when they are being reseeded. The 
soil should be tested and if found acid, lime should be applied 
in the necessary amount to satisfy the lime requirement of 
the plowed soil for the pasture plants to be sown. Both Ken- 
tucky bluegrass and the white clovers * do best where soils are 
well supplied with lime. If more than a ton of limestone is 


Fig. 187. Pasture IN THE BLUEGRASS ReGIoNn or Kentucky. (Agronomy 
Dept., Ky. Agr. Exp. Sta.) 


Both Kentucky bluegrass and the white clovers do best where soils are well supplied 
with lime. 


required to the acre, apply half of it before plowing and half 
afterwards. 

A heavy application of a phosphatic fertilizer material is 
essential. Phosphorus is the real fertilizer essential on most 
soils for good bluegrass-white clover pastures. The best time 
to apply it is when the pasture is being seeded. The heavier 
the application the longer will be the time before more will 
be required as top-dressings. Superphosphate, rock phos- 


3 See General Information at end of chapter for the kinds of white 
clover. 
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phate, or basic slag may be used. Apply at the rate of at 
least 600 pounds to the acre. An 800- or a 1000-pound appli- 
cation would be even better. The application should be made 
to the plowed soil, preferably with a lime distributor, and 
thoroughly disked or harrowed into the surface 2 or 3 inches 


‘Fig. 188. Wits Ciover Improves THE PasTURE Swarp. 


Kentucky bluegrass seeded on left. Kentucky bluegrass plus 1 pound to the acre 
of white clover seeded on right. 

The better practice is to seed the pasture mixture alone. Include 1 or 2 pounds of 
white clover seed to the acre. 


of soil. If soils are sandy in character or the fertility level 
low, apply in addition to the phosphorus at least 100 pounds 
of muriate of potash to the acre. An application of 600 pounds 
of a 0-20-10 fertilizer will supply both phosphorus and 
potash. 
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C. Seed. The pasture mixture may be seeded alone or 
with a companion or nurse crop. The better practice is to 
seed alone. This will permit grazing the first season, and where 
the soil is liberally fertilized and a good seed mixture sown, 
the grazing secured the year of seeding will more than offset 
the feeding value of the companion crop. If seeding alone it 
is important that the seed-bed be free from weed seeds, for 
otherwise the crowding of weeds might retard the growth of 
the new seeding as much as would a companion crop. Where 
the land is very foul, grow a cultivated crop for one year 
before seeding. In sections where buckwheat is produced, it 
may be substituted for the cultivated crop. Unless weeds have 
been subdued the previous year, practice clean culture, that is, 
till frequently during the spring and early summer, and delay 
seeding the pasture mixture until July. 

If hay is to be harvested for a year or two before grazing 
the pasture, clover or alfalfa or both should be included in the 
seeding mixture. Where this practice is followed, the seeding 
should be made with a small grain companion crop. Usually 
where land is seeded down to permanent pasture an immediate 
increase in the acreage of pasture is desired, and in general 
better results may be expected if grazing starts the year of 
seeding. If a companion crop is used under these conditions, 
it should be either pastured off or cut green for hay rather than 
left to mature grain. On land that is suited to sweet clover, 
this legume will be found an excellent companion crop since it 
can be grazed in the fall of the year sown and again the next 
spring and summer. An essential to success with the pasture 
seeding is early and close grazing of the sweet clover the 
second year in order to prevent its crowding the permanent 
pasture seeding. 

There is no best seed mixture for permanent pastures. 
Obviously that will vary with ciimatic and soil conditions, as 
well as with the seeding practice followed. The rate of seed- 
ing should be 20 to 40 pounds to the acre depending on 
whether or not the mixture contains orchard grass or a meadow 
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seeding in addition to the strictly pasture plants. The two 
seed mixtures on this page are suited to much of the northeast 
and north-central sections of the country. (See Section la 
and 1b, Fig. 206.) 

Orchard grass may be added to either of these mixtures. 
If included, use at least 8 to 10 pounds to the acre since with 
a lighter rate of seeding the orchard grass develops in scatter- 
ing bunches. Under special conditions other grasses or legumes 
suited to Section I may be substituted for or added to those 
specified in the mixtures. 


Mixture 1 To Bre Seepep For GRAZING ONLY 


Pounds per Acre 


Kentuckya leer a Scien en ae a 8 
ROd “COPE Aer oe er ee 3 
TTintOt hiya, cbt ted eee tee 6 Ree tee 5 
Perennial’ryeyerasss), xa na eer 5 
Waldtwhiterclovertemse- ent 1-4. nie aera 1 

"Totally. gecyreeate ts cree cea Sea eee 22 


Mrxrvre 2 To Be Seepep WuHere Hay Is To Br Cur ror ONE or 
Two YEARS AND THEN GRAZED 


Pounds per Acre 


Timothy: ~.\;, (ie ae eee he eee 8 
Alfaliax \ csc teuhl A aiige.. Koo ane hee eee 4 
Kentucky bliegrassa..3. 9.) tee 6 
Red.and*alsikeie ey 8y <p) eee 4 
Canada (bluegrass as <a Meroe ee 2 
Ladinon white. cloviersaniis tc bene eee 1 

"Total: 4 eee ei eee 25 


In selecting the pasture mixture, make certain that the 
seed is of good quality. Many pasture mixtures on the market 
are composed of low-grade seed. Grass seed frequently is low 
in germination qualities. Domestic perennial rye grass is 
less hardy than the imported seed. Wild white clover seed has 
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recently become available on the American market. It is 
produced extensively in England, and most commercial seed 
stocks are imported. It is not the same as the white Dutch 
clover. The wild white is a true perennial, living on from year 
to year; the white Dutch is a biennial. The wild white differs 
also from the white Dutch in that it has smaller leaves and a 
more pronounced creeping habit. It is often superior to the 
white Dutch for both pastures and lawns in cool climates. 
In the less severe climate of the South and Central West, the 
white Dutch is often considered superior to the wild white. 
The Ladino white clover is a large growing type which will not 
stand so close grazing as the other two. 

Much progress has been made within recent years in de- 
veloping improved pasture strains of grasses, especially tim- 
othy, orchard grass, and rye grass. Unfortunately, these 
grazing types are not available on the commercial market, 
but no doubt they will be in the near future. When they 
become available and the price is not prohibitive, use them in 
the pasture mixture. 

In the southeastern states (Pasture areas 2a and 2b, Fig. 
206), it is often necessary to establish grass by the use of 
stolons instead of seed. However, the adapted legumes are 
seeded the same as farther north. In Florida domestic rye 
grass is sometimes seeded in the fall for winter grazing. Be- 
fore deciding definitely on the seeding mixture for the perma- 
nent pasture, consult your state college of agriculture and 
experiment station or your local county agent for mixtures 
recommended for your locality. 

D. Regulate grazing the first year. Some precaution should 
be taken in grazing the newly seeded pasture. It should be 
permitted to make a growth of 3 to 4 inches before grazing 
begins. Animals should be kept off the pasture when the top- 
soil is wet. Avoid continuous grazing, but do not make the 
common mistake of undergrazing. If there is a good propor- 
tion of white clover in the pasture, it is surprising how closely 
the pasture may be grazed without injuring it. In fact, close 
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grazing is essential for best results with this type of pasture. 
Undergrazing results in injury to the white clover plants by 
crowding and shading. After the herbage is grazed down as 
short as a clipped lawn, remove the animals and keep them 
off the pasture until a new growth of 4 inches has developed. 
White Dutch clover also should be closely grazed, but Ladino 
requires less close grazing.* 


Se e en ve “Og, 


Fie. 189. A Non-PLowaBLe Pasture. (Agronomy Dept., New York 
State Col. of Agr.) 


Many pastures are too rough and stony to be plowed. 


Where seed mixture 2 is used and hay cut for the first few 
years, arrange to graze the aftermath growth. Under favor- 
able conditions this grazing should be a valuable summer 
supplement to other pasture land. If hay is not needed, this 
mixture may be grazed exclusively from time of seeding the 
same as Mixture 1. 


4See discussion of grazing under Managing Permanent Pasture, 
page 434. 
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2. IMPROVING THE Non-PLOWABLE PASTURE 


Many pastures are too rough and stony to be plowed. The 
herbage may have run out to such an extent that not only is 
the carrying capacity reduced to a low point, but also the 
surface soil has become subject to erosion. In some instances, 
the conditions are so unfavorable that improvement is im- 
practicable. This is the result of clearing and pasturing areas 
that should have been left in timber. Such areas should be re- 
placed by seeding down permanent pasture on better land, or 
by growing rotation pasture crops. If suited to grazing, such 
rough areas may be greatly improved by proper soil treatment 
and reseeding when necessary. 


Procedure: 


A. Examine the herbage and test the soil. 

B. Apply superphosphate and, if needed, lime and potash. 
C. Seed, if necessary. 

D. Consider top-dressing with manure. 


A. Examine the herbage and test the soil. The first thing 
to do in improving a pasture not suitable for plowing is to 
examine the herbage carefully. See how many white clover 
plants can be found. Even though there are but two or three 
to the square yard they may save the expense of seeding. The 
white clover plants persisting in old pastures are invariably 
the wild type and capable of spreading rapidly when the fer- 
tility of the soil and the grazing practices are made favorable 
for their growth. Next test the surface soil for acidity, and 
also note whether or not the desirable pasture grasses are 
present. 

B. Apply superphosphate and, if needed, lime and potash. 
Apply superphosphate, rock phosphate, or basic slag at the 
rate of not less than 500 and preferably 800 pounds to the 
acre. Use a lime sower if the topography and surface condi- 
tion will permit. Otherwise broadcast by hand. Where hand 
application becomes necessary, ammo-phos may be substituted. 
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Owing to its greater concentration (48 per cent phosphoric 
acid), only one-third as much need be applied. Ammo-phos is 
a granular product and may be applied by means of a knap- 
sack, Cyclone fertilizer distributor or is readily applied broad- 
cast by hand. For best results the first year, apply the 
phosphatic fertilizer in the fall. The fertilizer treatment 
should be repeated every three to five years. 


Fig. 190. ExamMINING THE PASTURE SwaARD. 


The first thing to do in improving a pasture not suitable for plowing is to examine the 
herbage carefully. See how many white clover plants you can find. 


If the soil test indicates acidity in excess of pH 5.5, or the 
lime requirement is found to exceed one ton of ground lime- 
stone for red clover, lime should be applied in addition to the 
fertilizer. Seldom will it be necessary to apply more than one 
ton of ground limestone to the acre. Apply the lime with a 
distributor, if possible. 

Where soils are very poor and especially sandy or gravelly 
in character, potash may be needed. If needed, apply 100 
pounds to the acre of muriate of potash or its equivalent. 
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Make the application in conjunction with the phosphatic 
material, and repeat the application at the same three- to five- 
year intervals. An 0-20-10 or 0-20-20 analysis of mixed 
fertilizer may be used to supply both phosphorus and potash. 
As the carrying capacity increases, the additional animal 
droppings will reduce the amount of fertilizer potash required. 

_C. Seed, if necessary. Where there is a good grass pasture 
sward containing as many as two or three well-distributed 


Fig. 191. Frrtinizing Rouen Pasture Lanp. 


Ammo-phos is a granular product and may be applied by means of a knapsack, 
Cyclone fertilizer distributor or is readily kroadcast by hand. 


white clover plants to the square yard and the desired grasses 
are present, seeding should not be necessary. Under these 
conditions the fertilizer treatment outlined should stimulate 
the spreading of the clover, and in turn it will supply nitrogen 
for the grass. Many old pastures have been successfully im- 
proved by the application of 600 to 800 pounds of a phosphatic 
fertilizer material alone or accompanied by a ton application 
of ground limestone. Some soils require potash also. 
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If there is little or no white clover in the pasture sward, 
then it will be necessary to add seed. Plan to do the seeding 
in the early spring in the North and in the central states, after 
the fertilizer has been applied. Harrow or disk the area to 
be seeded. Select a time when the moisture content of the soil 
is such that the operation will be effective. Go over the land 
two or three times in order to loosen it up so the seed will 


Fig. 192. AN ExceLuent Wuite CLover BLUEGRASS SWARD. 


Where there is a good grass pasture sward containing as many as two or three white 
clover plants to the square yard, the fertilizer treatment outlined should stimulate the 
spreading of the clover, and it in turn will supply nitrogen for the grass. 


catch. In the South seed, including white clover, may be 
planted to advantage in the fall. 

The seeding may consist of a mixture or it may be white 
clover alone. For the whole northeastern section of the 
country except on very sandy land it should contain at least 
some white clover, either the wild white or the Ladino white 
clover. Where the winters are less severe, the white Dutch 
type may be used. If a mixture is used, seed at the rate of 12 
pounds or more to the acre. If the herbage has been found to 
contain desirable pasture grasses, such as bluegrass, bent grass, 
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or fescue in the north-central and eastern states, or carpet 
grass, Bermuda or Dallas grass in the South, harrow over 
lightly and seed white clover alone at the rate of one pound 
to the acre. In order to distribute such a light rate of seeding 
uniformly it will be necessary to mix it with sand, ground 


Fig. 193. Pasture Srep-Bep PREPARED BY HARROWING. 


If the pasture is non-plowable, harrow or disk the area to be seeded. 


limestone, or superphosphate. In some sections, other legumes 
such as hop clover, Persian clover and Lespedeza may replace 
or be seeded in addition to white clover. 

The seeding of sweet clover on old pastures has been ex- 
tensively advocated. Only under favorable conditions will 
this legume grow when seeded on pasture sods. Where the 
soil and subsoil are well supplied with lime, a successful catch 
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of sweet clover may be secured on permanent pastures, but 
some soil preparation will generally be required. Such a soil 
condition practically never occurs in old, run-out pastures. 

In the improvement of non-plowable permanent pastures, 
it is best to proceed with a section of the pasture each year. 
This will allow for fencing the treated area so that the grazing 
can be regulated for one or two seasons. During the first year 
of treatment, graze the area lightly. Give the grass a chance 
to become thoroughly reestablished, but do not permit it to 
crowd and shade the clover. Disappointment invariably 
follows when pasture improvement is attempted without giv- 
ing supervision to the grazing of the treated area. 

D. Consider top-dressing with manure. Farm manure can 
be used to advantage in the improvement of run-out per- 
manent pastures. Unfortunately, many of these pastures are 
so rough and stony or so far from the barn that it is imprac- 
ticable to get manure on them. In general it has been found, 
however, that manure can be used to better advantage on 
rotation crops than on pastures. The application of manure 
where white clover predominates in the herbage is seldom the 
best use of it. It is in connection with the improvement of 
the depleted grass pastures that manure can be used most 
advantageously. However, sheep manure should not be ap- 
plied to pastures grazed by sheep, as it fosters parasitic 
diseases. 

In applying manure to pastures, superphosphate or some 
other phosphatic fertilizer material should be applied in 
addition. It should never be applied alone except on pastures 
which have recently received a phosphatic fertilizer material. 
From the standpoint of economy, superphosphated manure 
should be used to avoid the expense of a separate application 
of the fertilizer and the manure. 

Where seedings are made on old pastures, manure may 
be used to advantage since it discourages grazing for several 
months, thus protecting the new seeding without the expense 
of fencing. If the supply is limited, use it on the poorer areas 
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that are to be improved and depend on superphosphate or 
other phosphatic material, either with or without lime, on the 
better parts of the pasture. Poultry or sheep manure will 
discourage grazing by cows less than will cow manure. 

The rate of application of superphosphated manure should 
be 6 to 10 tons to the acre. Distribute with a spreader if 
possible. Apply at any season to a depleted pasture, prefer- 
ably in conjunction with or previous to the seeding of a pasture 
mixture. 


3. MANAGING PERMANENT PASTURES 


Where permanent pastures have been successfully improved 
or where they are naturally in good condition, manage them 
properly in order to keep them productive. It is a mistaken 
idea that a permanent pasture occasionally needs to be plowed 
and reseeded. Some of our best pastures have been in con- 
tinuous sod for fifty to a hundred years. A good pasture can 
be made better and its carrying capacity maintained in- 
definitely by good management practices including adequate 
fertilization. 


Procedure: 


A. Fertilize and, when needed, apply lime. 
B. Regulate grazing. 

C. Clip weeds and ungrazed herbage. 

D. Scatter droppings. 


A. Fertilize and, when needed, apply lime. A high fer- 
tility level of the soil must be maintained to insure the per- 
manency of a good pasture. Practically all the pasture soils 
of the eastern half of the United States are deficient in phos- 
phorus and nitrogen; many of them are too acid for bluegrass 
and clover, and some are lacking in available potash. The 
first essential in their fertilization is the supplying of adequate 
phosphorus. This requires an application of 500 to 800 
pounds to the acre of superphosphate, basic slag, or rock 
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phosphate every three to five years. The application should be 
made in either the early spring or late fall, preferably in the 
fall. It is not necessary to treat the whole pasture any one 
year. The expense may be distributed over a three- to five- 
year period. Where the application is at the rate of 800 
pounds to the acre, fertilize one-fourth to one-fifth of the 
pasture each year; and where it is a 500- to 600-pound rate, 
apply to one third of the pasture each year. Many pastures 
well supplied with white clover will require no additional 
fertilization. Some, especially those on sandy soil, may need 
potash in addition to phosphorus. Where potash is found to be 
needed, apply as specified for the improvement of non-plow- 
able pastures. 

In order to make this relatively inexpensive system of 
fertilization effective, it is necessary to have white clover or 
some other legume in the pasture sward. Nitrogen must be 
supplied either by legumes, manure, or fertilizer. When con- 
ditions are made favorable the legumes are capable of supply- 
ing adequate nitrogen for the grass. The leguming of land 
has been found just as practical with pastures as with field- 
crop rotations. Of the pasture legumes, the white clovers are 
adapted to the greatest diversity of conditions. Lespedeza, 
trefoil, hop clover, and burr clover are other good pasture 
legumes, but they are more restricted in their adaptation. 

Legumes are desirable in permanent pastures not only 
because they supply an inexpensive source of nitrogen, but 
also because of their high feeding value. In addition to being 
high in protein they are rich in such minerals as calcium and 
phosphorus. Their presence in the pasture herbage invariably 
improves its feeding value, and its palatability as well. 

So long as white clover thrives in the permanent pasture, 
lime need not be applied. White clover and the other per- 
manent pasture legumes will grow on acid soil if adequate 
amounts of minerals, particularly phosphorus, are supplied. 
If at any time the white clover becomes reduced either in 
growth or stand, test the soil, and if it is found to be dis- 


MANAGING PERMANENT PASTURES 433 


tinctly acid, apply lime. To be best suited to white clover, 
the soil should test from pH 6 to pH 7. At any time that the 
acidity becomes as great as pH 5.5, apply lime at the rate of a 
ton of ground limestone to the acre. 

Though manure may often be used to advantage in the 
improvement of poor pastures, it should not be applied to 
good-quality bluegrass-white clover pastures. Owing to the 
high nitrogen content, it stimulates the growth of grass and 


Fig. 194. FrErtitizer ENcouRAGES GRAZING. 


Unfertilized pasture on left. Pasture fertilized with ammo-phos on right. 
Unlike manure, fertilizer results in better grazing. 


weeds which tend to shade and crowd the clover. This condi- 
tion is intensified by the refusal of animals to graze freshly 
manured herbage. Though less objectionable than manure, 
fertilizer nitrogen applied to the pasture may stimulate the 
grass at the expense of the clover. This invariably happens 
unless the pasture is closely grazed. Unlike manure, fertilizer 
results in better grazing. 

With the legume-mineral method of pasture fertilization, a 
carrying capacity of one cow or its equivalent to the acre may 
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be maintained thoughout much of the season. To secure the 
maximum carrying capacity it becomes necessary to make 
liberal applications of nitrogenous fertilizer. Although more 
expensive than the mineral-legume method, the complete fer- 
tilizer-nitrogen treatment may be justified in intensive dairy 
farming where the area of pasture is restricted and where 
whole milk is sold directly to the city consumer, or otherwise 
commands a better than average wholesale price. 

In the intensive system apply superphosphate and, when 
needed, lime and potash the same as in the legume-mineral 
method. In the early spring apply 200 pounds of nitrate of 
soda or sulfate of ammonia to the acre to the pasture area 
which is to be used for early grazing. Additional applications 
of 100 pounds of the nitrogenous material should be made at 
intervals during the summer when pasture areas have been 
grazed down and the animals removed to ungrazed areas. If 
desired an annual early spring application of 300 pounds to 
the acre of a mixed fertilizer such as the 10-10-10 may replace 
the superphosphate, potash, and spring application of ni- 
trogenous fertilizer. The intensive system necessitates division 
of the pasture into four to six lots, each provided with water, 
and the employment of good grazing practices. 

B. Regulate grazing. Good grazing management is essen- 
tial to success with permanent pastures. It encourages the 
production of palatable herbage of high feeding value, and 
maintains so far as possible good pasturage throughout the 
season. Animals prefer the young, tender leaves which are 
not only more palatable but also much more nutritious than 
the stems and mature leaves. The young leaf growth of a blue- 
grass-white clover pasture contains up to 30 per cent protein 
in the dry matter, whereas the mature herbage on grass 
pastures seldom contains as much as 10 per cent and some- 
times not over 6 per cent. The aim in grazing management 
should be to furnish an adequate supply of young, succulent 
herbage throughout the grazing season. 
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In planning the grazing management one should appreciate 
that pastures may be injured by either undergrazing or over- 
grazing. When continuous grazing is practiced there may be 
both overgrazing and undergrazing in the same pasture. The 
animals start grazing where the herbage suits them best, 
leaving areas of less desirable herbage ungrazed in the spring. 
The grass in the ungrazed areas may reach a stage of maturity 


Fie. 195. A WrwLu-GRAzED PASTURE. 


The aim in grazing management should be to furnish an adequate supply of young, 
succulent herbage throughout the grazing season, 


so that it is not relished by the animals and as a result remains 
ungrazed throughout the season. Overgrazing or continuous 
grazing weakens the sward because the plants are not per- 
mitted to make sufficient top growth to reestablish a root 
reserve of plant-food. Overgrazing should be guarded against 
if the fertility level of the pasture soil is low, if the climate is 
dry, and if the herbage contains few legumes. On the other 
hand, pastures on rich moist soils, or those in which white 
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clover or other legumes are present, or those that are fertilized 
with nitrogen, are frequently undergrazed. 

Efficient grazing requires what is known as alternate or 
rotation grazing. Consequently on many farms the first thing 
to be done is to subdivide the permanent pasture into several 
lots, each having a water supply, or each connected with a 
central paddock supplied with water. Arrange to graze these 


Fig. 196. AN UNDERGRAZED PASTURE. 


Pastures are frequently undergrazed. The grass may reach a stage of maturity so 
that it is not relished by the animals, and as a result remains ungrazed throughout the 
season. 


different pastures alternately, turning all animals onto one 
pasture until it is grazed down closely and then changing to 
a new pasture. On dairy farms permit the milking animals to 
graze first, and when they are removed to a new pasture turn 
in the young and dry stock or other farm animals to complete 
the grazing of the given area. Remember that when a pasture 
is grazed it should be grazed closely. It is not close grazing 
but continuous close grazing that normally causes injury. 
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Good pastures may be grazed early without serious injury. 
Undue emphasis has been placed on the injury of early spring 
grazing. Although precaution should be taken to prevent 
damaging the sward by grazing while the soil is wet, the 
animals should be turned out early enough to utilize the 
succulent spring growth. If there are several pastures, start 
grazing the first one when the herbage reaches a height of 3 
inches. Stock the pasture heavily so the herbage will be 
grazed off within a week. Then give it a rest period of two 
to three weeks. So far as possible, turn the animals onto 
pasture other than the first one when the herbage reaches a 
height of 4 inches. When necessary to prevent undergrazing, 
mow one of the pastures during the flush spring season. The 
herbage will make good-quality hay, or it may be utilized as 
grass silage. If there are several pasture lots choose a dif- 
ferent one each year for the first grazing in the spring. By 
so doing, any possible injury resulting from early grazing will 
be distributed over all of them. In planning the grazing prac- 
tice, remember that there is less danger of overgrazing a good 
pasture than a poor one, and that, if there is a large proportion 
of white clover in the herbage or if the pasture is liberally 
treated with nitrogenous fertilizers, there is more danger of 
undergrazing than of overgrazing. If the clover is the Ladino 
white, the grazing should be less severe. 

The grazing management of range pastures is an entirely 
different problem. Such pastures are. largely confined to 
regions of low rainfall. They consist of the native grasses 
without legumes, and have seldom received any special soil 
treatment. Their carrying capacity is dependent on the 
amount of rainfall rather than on the fertilizer level of the 
soil. In their management, above all else, avoid overstocking 
and premature grazing in the spring. Watch the condition of 
the vegetation from year to year and reduce the number of 
animals if the grass shows any indication of regression. Pre- 
vent injury due to the herding together of animals in special 
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areas. This can be accomplished by furnishing well-distrib- 
uted watering and salting places. 

The carrying capacity of pastures varies to such an extent 
that no rule can be given as to the area required for each 
animal. From 2 to 5 acres of the better grade of permanent 


Fie. 197. A RANGE PastTuRE IN Montana. 


In the management of range pastures, above all else, avoid overstocking and prema- 
ture grazing in the spring. 


pastures are required for a mature cow or its equivalent. 
Especially good pastures will carry a cow to the acre during 
the late spring and early fall, but many are so poor that 8 to 
10 acres are needed for each animal unit. Range pastures 
have a lower carrying capacity than the regular farm pastures 
of the central and eastern states. A range pasture is consid- 
ered good if it will support a cow to 5 acres. Often 10 and even 
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20 acres are required per livestock unit. Consequently, the 
regulation of the number of animals which can be grazed ad- 
vantageously is a matter of experience and judgment. Watch 
the condition of the vegetation, and adjust the grazing prac- 
tice to the type and condition of the pasture. 

C. Clip weeds and ungrazed herbage. In the improvement 
ef old permanent pastures one to three mowings a year may 
be necessary in the beginning to kill weeds and brush growth. 
On pasture land that has been long neglected it may be neces- 
sary to cut or grub out the larger brush and the tree growth. 
Even improved pastures require clipping to encourage uniform 
grazing. Invariably there will be poorly grazed areas when 
animals are transferred to a new pasture. All ungrazed herb- 
age should be cut prior to the removal of the animals to 
assure their being grazed uniformly later in the season. The 
object of mowing a day or two before removing animals, is to 
give them an opportunity of eating the clippings which they 
normally will do. In mowing pastures, always cut the herbage 
as closely as possible. Clipping is most often necessary on 
dairy farms and may be lessened by turning dry and young 
stock, horses or sheep onto the pasture for a short period after 
the milking animals have been removed. 

D. Scatter droppings. In the management of improved 
pastures which have a carrying capacity of a cow to one or 
two acres, the animal droppings should be scattered at least 
once a year. In very intensive systems of management they 
should be scattered whenever the animals are changed to a 
new pasture. Harrowing prevents the development of un- 
grazed herbage and weeds around the unscattered droppings 
and, as a result of distributing the droppings, their fertilizing 
value is increased. The flexible grass or pasture harrow is the 
best implement for scattering the droppings. If this type is 
not available, use a smoothing or a spring-tooth harrow. 
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Fig. 198. A Nera@urcTep PasTuRE OVERRUN WITH TREES AND BrusuH. 


On pasture land that has been long neglected it may be necessary to cut or grub 
out the larger brush and tree growth. 


Fig. 199. UNerazeEpD HERBAGE ON RicgHT CAUSED BY AN ANIMAL DROPPING. 


The ungrazed herbage and weeds to the right in the photograph are the result of an 
unscattered animal dropping. 


Harrowing prevents the development of ungrazed herbage and weeds around the 
unscattered droppings. 
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4. INCORPORATING PASTURE IN THE ROTATION 


A rotation pasture System may be established either by 
pasturing one or more of the regular rotation crops or by 
incorporating a special pasture crop in the regular field-crop 
rotation. On most farms the former practice is followed to a 
greater or less extent. Where fields are fenced, stock is 
usually turned on corn and small-grain fields after harvest. 
It is a common practice in livestock sections to pasture hay 
land in the late summer and early fall. Sometimes the new 
seeding is pastured in the fall, but this is seldom advisable. 
However, these practices do not constitute a real rotation 
pasture system. Such a system results when the meadow, 
after being cut for hay for one or two seasons, is utilized 
exclusively for pasture for a year or more. Also, by seeding 
a crop such as sweet clover or Sudan grass in the rotation with 
the avowed purpose of using it exclusively for grazing, a true 
rotation pasture system is developed. 

Rotation pastures are best suited to farms that consist 
largely of tillable land which is adapted to general field-crop 
production. They are valuable on many farms for supple- 
menting the permanent pastures during July and August. 


Procedure: 


A. Pasture meadows. 
B. Grow special pasture crops in the rotation. 


A. Pasture meadows. The most common rotation pasture 
practice is to graze meadow land for one or two years follow- 
ing hay production. This necessitates a long rotation, for land 
must be kept in grass for at least three years, and preferably 
for four or five. Instead of a definite area’s being set aside 
for pasture purposes, the pasture enters the rotation, and over 
a period of years will have occupied all fields of the farm; thus 
the productive capacity of the whole farm will be enhanced 
as a result of all the fields’ receiving the beneficial effect of 
pasturing. 
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Fie. 200. A Sweet CiLover Rorarion PASTURE. 


By seeding a crop such as sweet clover or Sudan grass in the rotation with the avowed 
purpose of using it exclusively for grazing, a true rotation pasture system is developed. 


Fie. 201. Pasrurine CLover anv Timotuy Merapow. 


The most common rotation pasture practice is to graze meadow land for one or two 
years following hay production, 
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Where the meadow seeding consists of timothy and clover, 
seed a pasture mixture in addition. Unless this is done, the 
pasture will consist largely of timothy, or timothy and weeds, 
as the clover will have largely run out by the end of the sec- 
ond year of hay. In addition to clover and timothy, seed 
either alfalfa or Ladino clover or both. Some redtop and 
bluegrass can be justified in most cases. Especially adapted 
for the purpose is pasture Mixture 2 on page 422. 


Fig. 202. Pasrurine ALratra. (Dairy Hus. Dept., Ill. Agr. Exp. Sta.) 


Alfalfa is recognized as a most valuable pasture crop, though precaution must be 
taken in grazing it to prevent the bloating of animals. 


When alfalfa constitutes the hay crop of the rotation, it 
can be utilized in the same way as a pasture crop. Pasture 
grasses need not be seeded with it, but one should exercise 
precaution not to overgraze, and to remove stock in the fall to 
permit a growth of several inches prior to winter. However, 
when the hay is to be fed on the farm, and especially when 
grazing is to be practiced, it is better to replace clear alfalfa 
with a mixture which includes this legume. Alfalfa is recog- 
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nized as a most valuable pasture crop, though precaution must 
be taken in grazing it to prevent the bloating of animals. 

When the rotation is thus lengthened to include two years 
of pasture, it becomes necessary to increase the lime and fer- 
tilizer treatments applied to the grain crops, in order to secure 
an adequate residual effect for both hay and pasture. If this 
is not done, apply 200 to 300 pounds to the acre of super- 
phosphate to the first-year pasture, whether it be timothy sod 
or alfalfa. If available, apply manure during the fall or winter 
preceding the grazing period, unless there is a good proportion 
of alfalfa or Ladino clover in the sward. 

Another use which should more often be made of meadows 
is to graze the aftermath or second growth. Used in this way 
they furnish a most valuable supplement to the permanent 
pasture since the aftermath supplies grazing at the season 
when the permanent pasture has a reduced carrying capacity. 
In order to secure good aftermath grazing, include 6 to 8 
pounds of alfalfa to the acre with the seeding mixture for 
land suited to this legume, and on land not suited to it add 
6 to 10 pounds of Kentucky bluegrass and 1 to 2 pounds of 
Ladino clover to the seed mixture for each acre. Pasture 
Mixture 2 is as well suited for this purpose as for exclusive 
grazing. 

B. Grow special pasture crops in the rotation. Special 
crops, such as sweet clover, can often be grown in the rotation 
and used advantageously for pasture. The soil should be 
well supplied with lime, and inoculation must be provided 
unless sweet clover or alfalfa has been grown successfully on 
the field previously. Seed either alone or with fall or spring 
grain as a companion crop. When seeded alone, much better 
grazing will be secured the first year. Seed in May or early 
June on a well-prepared seed bed. Use scarified seed when 
the seeding is made with the spring grain. When sweet clover 
is started with winter grain, seed it in the late fall, during the 
winter, or in the very early spring. Make the fall seeding 
late enough to keep the seed from germinating before spring. 


INCORPORATING PASTURE IN THE ROTATION 445 


Seed at the rate of 15 to 18 pounds of the unscarified hulled 
seed, or its equivalent of unhulled seed, to the acre. Either 
the yellow- or white-blossom, biennial type should be used. 
Where the soil is adequately supplied with lime, no special 
treatment is needed for sweet clover. Give the grain crops 
in the rotation enough superphosphate and when needed, 
potash as well, so the residual effect will carry over for the 
sweet clover. 


Fic. 203. A Sweet Ciover SHeep Pasture. 


Special crops such as sweet clover can often be grown in the rotation and used 
advantageously for pasture. 


In favorable seasons the sweet clover can be pastured dur- 
ing the fall of the first year, even where seeded with a com- 
panion crop. However, it is not until the second season that 
the crop reaches its maximum carrying capacity. From early 
spring until late summer of the second year, a good sweet- 
clover pasture will carry a cow or more to the acre. Turn 
animals onto sweet clover early in the spring of the second 
year. Graze heavily, and do not let the crop reach a height 
of more than 8 to 10 inches or it will form seed and die. If soil 
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conditions are favorable and the crop is properly grazed, it 
will furnish nutritious, high-protein feed during the one sum- 
mer, and at the same time it will leave the soil well supplied 
with available nitrogen for the grain or silage crop which 
would normally follow in the rotation. 

Success has seldom followed attempts to secure permanent 
sweet-clover pastures. Sweet clover is primarily a two-year 
crop and should be so considered when used for pasture. It 
is not satisfactory for supplementing permanent pastures since 


Fic. 204. Sweet Ciover Pasture in Late Avcust. 


From early spring until late summer of the second year, a good sweet-clover pasture 
will carry a cow or more to the acre. 


its maximum carrying capacity the second year comes at the 
same time as that of the permanent pasture. It may itself 
be supplemented to advantage in late summer and fall by the 
grazing of meadow aftermaths. 


5. Growine ANNUAL PastuRE Crops 


Annual pasture crops are those that are seeded annually 
and pastured for the one season only. In some instances, two 
separate crops are grown for pasture on the same land in a 
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single season. These temporary pastures are used most exten- 
sively for hogs and sheep. As emergency pastures during years 
when the regular pasture is being improved, or when for some 
other reason there is a temporary pasture shortage on the 
farm, the annual pasture can be justified for cattle. 

For this type of pasture, consider such crops as rape, rye, 
oats, soybeans, millet, Sudan grass, and sorghum. In the 
South include cowpeas, burr clover, velvet beans, and vetch 
in the list. 


Fig. 205. Trmporary Hoe Pasture or Ryz. (Animal Hus. Dept., Ill. 
Agr. Exp. Sta.) 


For temporary pasture, select fertile soil, and seed at a somewhat heavier rate than is 
normally used in field-crop production. 


For temporary pasture, select fertile soil, and seed at a 
somewhat heavier rate than is normally used in field-crop pro- 
duction. Unless the soil is in a high state of productivity, fer- 
tilize liberally with superphosphate and apply manure in addi- 
tion. If the soil is acid, apply lime, in amounts to satisfy the 
lime requirement of the crop to be grown. Consult your state 
college of agriculture or your local county agricultural agent 
before deciding on the best temporary pasture crops for your 
local conditions. 
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GENERAL INFORMATION 


1. Pasrurr AREAS OF THE UNITED STATES AND CHARACTER OF 
VEGETATION IN EACH 


The character of the pasture vegetation varies in different 
sections of the country. The type of pasture vegetation and 
the proportion of the different plants constituting the pasture 
herbage depend primarily on climate and soil. There are five 
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Fig. 206. Pasturr AREAS OF THE UNITED States. (U.S. Dept. of Agr. 
Miscel. Publication 194.) 


important pasture areas in the United States. These are 
shown in Fig. 206. The northern two-thirds of the country 
is better suited to permanent pastures than the southern one- 
third, and the best pastures are found in Section 1. 

The more important plants in permanent pastures in Sec- 
tion 1 are: Kentucky and Canada bluegrass, timothy, orchard 
grass, bent grasses, fescues, and the white clovers. The three 
types of white clovers used in pastures are (1) the common 
white Dutch, (2) the large Ladino white, and (3) the small 
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wild white. In Section 2 the important plants are: Bermuda 
grass, Johnson grass, carpet grass, Dallas grass, white clover, 
trefoil, hop clover, and Lespedeza. In Sections 3 and 4 the 
pastures consist of ranges of native prairie grasses. In Section 
3, the herbage consists largely of the so-called “short grasses” 
such as the gramas, buffalo and mesquite grasses; in Section 
4, bunch grasses and desert shrubs dominate in the ranges. 
In the northern part of Section 5 perennial rye grass is of 
importance. Otherwise the pasture herbage is similar to that 
in Section 1. In the southern part of Section 5 winter annuals 
become important in the permanent pasture, and on irrigated 
land alfalfa is extensively grazed.° 


COMMUNITY STUDIES 


1. Visit several permanent pastures in the community. Examine the 
vegetation and determine the amount of white clover in the pasture. 
As far as possible, identify the grasses and weeds present. 

2. Do you consider the pasture well grazed? To what extent are 
there areas of ungrazed herbage? Determine why the animals have 
failed to graze these areas. 

3. Secure information as to the carrying capacity of the pastures 
examined. 

4. To what extent does the carrying capacity vary during the graz- 
ing season? 

5. Are the permanent pastures of the community fertilized? If so, 
what fertilizer is applied, and when? 

6. Do farmers apply lime or manure to their permanent pastures? 

7. Are any of the pastures divided so that alternate grazing can be 
practiced? 

8. Is it a common practice to plow and reseed the permanent pas- 
ture? If so, determine what seeding mixture is used. 

9. Do any farmers clip the ungrazed herbage and weeds? 

10. Do any of them scatter the animal droppings? 

11. Outline a’system of fertilization and management which, in your 
estimation, would result in the improvement of the average permanent 
pasture in your neighborhood. 


5 For character of pasture grasses, see “Crop Production and Soil 
Management,” by Cox, published by John Wiley & Sons. 
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12. To what extent are meadows grazed? Is it a good practice for 
your section? 

13. Do any farmers seed special pasture crops on rotation land? If 
so, what crops do they seed? 
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Permanent Pastures for Texas Farms. Tex. Bul. 82. 

Putting New Life into Iowa’s Pastures. Ia. Bul. FS2. 

Range Management. Neb. Ext. Cir. 137. 

Rhode Island Pastures. R. I. Ext. Bul. 28. 

Seeding and Management of Nebraska Pastures. Neb. Ext. Cir. 138. 


CHAPTER XI 
MANAGING GARDEN, GREENHOUSE, AND LAWN SOILS 


A well-drained loam or sandy-loam soil is best suited for 
vegetables and flowers whether grown in the home garden or 
produced commercially by the market gardener. When such 
soils are properly treated, vegetables and flowers can be pro- 
duced successfully year after year. For the lawn, however, 
a heavier soil is desirable. A loam, silt loam, or clay loam is 
particularly well suited to the lawn grasses. On soils of this 
character a good lawn, free from weeds, can be established 
and, with proper treatment, maintained indefinitely.t 

Failure to secure satisfactory results in either the home 
vegetable or flower garden or the lawn is due more often to 
excessive than to inadequate soil treatment. Lime, as well as 
wood ashes, has frequently been applied in excessive amounts. 
Manure has often been used without fertilizer on the home 
garden, resulting in an excess of nitrogen which causes vege- 
tables to “go to tops” and flowers to produce excess foliage at 
the expense of bloom. Lawn and garden soils, properly 
manured and fertilized, will not only remain productive but 
will even improve from season to season. Special attention 
is required to secure good soil for the greenhouse and to main- 
tain it in good condition. 


Operations: 


1. Tilling the garden. 

2. Fertilizing the vegetable garden. 

3. Fertilizing flowers. 

4. Preparing and fertilizing greenhouse soils. 
5. Fertilizing the lawn. 


1See Chapter I for soil texture and classification. 
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1. Tinting THE GARDEN 


Till garden soils thoroughly. This includes not only the 
preparation of a good seed-bed but also the adequate cultiva- 
tion of the growing crops. Neglect in tillage will prevent the 
fertilizer treatment from producing its full effect. Fortunately, 
the net returns from intensive vegetable or flower production 
are sufficient to justify any reasonable expenditures for tillage 
operations.” 


Fig. 207. A Home VEGETABLE GARDEN. (Hort. Dept., Ill. Agr. Exp. Sta.) 


On properly treated, well-drained loams or sandy loams, vegetables and flowers can 
be produced successfully year after year. 


Procedure: 


Plow early and deep. 

. Plow under organic matter. 
Prepare a good seed-bed. 

. Cultivate thoroughly. 
Grow green-manure crops. 
Rotate crops. 


ms tO bd 


2See Chapter IV for soil tillage. 
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A. Plow early and deep. Plow or spade the garden in the 
fall or early spring. Where cover crops are not seeded, plow 
in the fall. Fall plowing is particularly desirable if the soil is 
heavy in character, as it will make possible earlier seed-bed 
preparation in the spring. Even where winter cover crops are 
grown, plowing may be necessary in preparing the soil for their 
seeding, though this can generally be accomplished more eco- 
nomically by disking. Where the plowing is not done in the 
fall, or where winter cover crops are grown, plow early in the 
spring. Do not permit the cover crop to make a rank spring 
growth before plowing it under. 

Plow or spade garden soils to a depth of 7 to 9 inches. 
If the surface soil is less than 9 inches in depth and shallow 
plowing has been practiced in past years, increase the depth 
gradually so as not to throw large quantities of subsoil to the 
surface in any one season. 

B. Plow under organic matter. Garden soils must be kept 
in good physical condition. This necessitates a high organic- 
matter content. Because of the continuous production of 
cultivated crops, the organic matter decomposes rapidly, neces- 
sitating the return of large amounts in order to maintain a 
satisfactory supply. 

Farm manure, if available, is an excellent source of organic 
matter for garden soils. Either horse or cow manure may be 
used. A mixture of the two is to be preferred to either alone. 
Select manure that is free from weed seed and use rotted | 
manure in preference to fresh manure. Apply broadcast prior 
to plowing at the rate of 12 to 20 tons to the acre and plow 
into the soil. If available, poultry manure may be substituted 
at the rate of 20 to 25 pounds to the hundred square feet. 
Best results will be secured if the manure is applied and 
plowed under in the fall.* 

All weeds and discarded parts of vegetables, unless diseased, 
should be thrown into a pile to rot, and the resulting compost 


3See Chapter V for manuring the soil. 
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distributed over the garden prior to plowing. Green manure 
is a third possible source of organic matter for either the home 
garden or the commercial market garden. 

C. Prepare a good seed-bed. Prepare a good seed-bed for 
the garden crops. This is often difficult to do in the home 
garden because of the lack of proper tools. The hand rake is 


Fie. 208. CuLtrivaTiING VEGETABLES wiTtH A HANp CULTIVATOR. 


Give the garden thorough cultivation throughout the growing season. In the small 
home garden use the hand cultivator. 


ordinarily inadequate for the purpose. In small gardens 
which are spaded, the soil can be so well broken up during 
the operation that the hand rake will suffice for seed-bed 
preparation. However, where the garden is plowed, prepare 
the seed-bed by first disking and then harrowing several times 
with a smoothing harrow prior to the use of the hand rake. 
If the soil is heavy, a roller or drag can be used to advantage 


4See Chapter VIII for information on making artificial manure. 
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in breaking clods. Aim to produce a uniformly mellow seed- 
bed with a depth of at least 7 and, better still, 8 or 9 inches.° 

D. Cultivate thoroughly. Give the garden thorough cul- 
tivation throughout the growing season. Above all else, do 
not let the weeds get a start. In the small home garden, use 
the hand cultivator. In the larger farm garden, make use of 
the one-horse cultivator; in commercial gardening, use either 
a horse or a power-driven cultivator. The cultivation should 
be level and shallow, and only frequent enough to keep the 


Fig. 209. Cuntivatina VEGETABLES WITH A Horse Cuutrvaror. (Hort. 
Dept., Ill. Agr. Exp. Sta.) 


In the farm vegetable garden make use of the one-horse cultivator. 


weeds from getting a start. Pull or hoe weeds from the rows 
before they become large enough to crowd the vegetables. 

Frequently the home vegetable garden is given adequate 
cultivation early in the season, and neglected in the late sum- 
mer and fall. As a result, weeds make a rank growth, and 
often mature seed. Give the garden a thorough cultivation 
once every ten days or two weeks throughout the growing 
season.® 


5 See Chapter IV for seed-bed preparation. 
6 See Chapter IV for crop cultivation. 
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E. Grow green-manure crops. Plan to grow green-manure 
crops in the garden if no manure is available. On most farms 
there is plenty of manure for the kitchen garden. The market 
gardener who is dependent on the city as a source of manure 1s 
finding the supply inadequate and the price high. As a result, 
he is depending more and more on green-manure crops In re- 
plenishing soil organic matter. 


Fig. 210. CuxtrvaTinG VEGETABLES WITH A PoWER-DRIVEN CULTIVATOR. 
(Hort. Dept., Ill. Agr. Exp. Sta.) 


In commercial gardening use either a horse- or a power-driven cultivator. 


There are two possibilities in the seeding of green-manure 
crops in the garden: they can be seeded between the rows 
(1) at the time of the last cultivation, or (2) immediately 
after the crop has been harvested. The latter method is gen- 
erally preferable, though it necessitates disking or harrowing 
the soil after the vegetable crop is removed. Choose some 
one of the standard green-manure crops, and seed at the 
proper rate and at the proper time. Plow under either in 
the late fall or in the early spring. Where the soil is sandy, 
and particularly in the South, leave the crop as a winter 
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cover. In the North, however, where early vegetables are to 
be grown, plow the green manure down in the fall.” 

F. Rotate crops. Garden crops, like field crops, should be 
grown in rotation. A proper rotation has been found to aid 
in the control of certain common diseases where the germs 
live over winter in the soil. For example, early blight and 
fusarium wilt, as well as scab of potatoes, are known to 


Fig. 211. A Grepn-Manure Crop In VEGETABLE GARDEN. 


Plan to grow green-manure crops in the garden if no manure is available. 


carry over the winter in the soil or on the crop residues. Club 
root of cabbage and wilt and blight of tomatoes are other 
diseases which are carried over in the soil. Greenhouse soils 
may be sterilized by steaming, but there is no practical means 
of destroying injurious organisms in garden soils. By rotat- 
ing the crops, injury at least can be greatly reduced. 

A somewhat definite sequence of crops should be followed 
by the market gardener. Avoid growing the same vegetable, 


7See Chapter VIII for the production of green-manure crops and 
cover crops. 
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or in fact the same type of vegetable, in the same location in 
successive years. In the home vegetable garden, all that may 
be necessary is shifting the location of the different vege- 
tables each year. However, where space permits, half the 
garden area should be seeded to a sod crop in alternate years 
and plowed under in the fall, then followed by vegetables the 
next year. 


2. FERTILIZING THE VEGETABLE GARDEN 


Fertilize garden soils liberally. Many vegetable crops 
have a relatively short growing season and, in addition, a re- 
stricted root system. It is essential that they make a rapid 
growth in order that they be of the best quality. By means 
of proper fertilization, the date of maturity can be advanced 
several days, which is very desirable, especially with early 
vegetables. Fertilizer will not replace good tillage or an ade- 
quate supply of organic matter in the form of farm manure 
or green manure, but it must be applied in addition to them 
for best returns from the garden. 

The commercial producer must also supply liberal fertiliza- 
tion for vegetables. He is following an intensive system of 
production on relatively high-priced land. Consequently, good 
yields must be secured. In addition, a product of good quality 
and of attractive appearance is essential for successful mar- 
keting. The date of maturity is also an important item, since 
better prices are almost always secured for vegetables mar- 
keted prior to the flood season. Growers use the term beating 
the market to express the importance of early maturity. They 
have found that the use of commercial fertilizers enables them 
to produce more and better-quality vegetables and to mature 
them at an earlier date.® 


8See Chapter VII for purchasing, applying, and home-mixing fer- 
tilizers. 
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Procedure: 


A. Use complete fertilizer. 

B. Choose the proper analysis. 
C. Select a good formula. 

D. Apply properly. 

E. Apply lime when needed. 


A. Use complete fertilizer. Apply a complete fertilizer 
each spring to the garden. Broadcast after plowing at the rate 


Fig. 212. Appryine FERTILIZER TO THE GARDEN. 


Apply a complete fertilizer each spring to the garden. Broadcast after plowing 
at the rate of 2 to 4 pounds to the 100 square feet and harrow or rake into the topsoil. 


of 2 to 4 pounds to the 100 square feet, or 800 to 1600 pounds 
to the acre; harrow or rake into the topsoil. In the farm 
garden, where a heavy application of manure is made annu- 
ally, superphosphate may be substituted for the mixed ferti- 
lizer. The rate and method of application should be the same 
as of manure without superphosphate. However, even where 
superphosphated manure is applied, 1 to 2 pounds of mixed 
fertilizer to the 100 square feet can be applied to advantage 
in the row just before planting. 
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B. Choose the proper analysis. For the home garden, it is 
impracticable to choose a special analysis of fertilizer for the 
different crops. Instead, apply a high-analysis mixed ferti- 
lizer such as the 5-10-5 or the 4-124. Where manure is 
applied regularly, use the 4-124; otherwise, the 5-10-5. If 
a concentrated fertilizer is preferred, use the 10-20-10 and re- 
duce the rate of application by half. If the growth of the 
crops indicates the need of more nitrogen, apply a side-dress- 
ing of nitrate of soda or sulfate of ammonia along either side 
of the row, at the rate of 1 pound to 75 or 100 feet of row. 

In choosing the analysis of fertilizer to use in the com- 
mercial production of vegetables, take into consideration the 
individual crop and the character of the soil. For upland 
soil, a ratio between nitrogen, phosphoric acid, and potash of 
1-2-1 can well be considered a standard. With the application 
of manure, increase the phosphoric acid content to the ratio of 
2-5-2 or even 1-3-1. On muck or peat soils, increase the 
potash and reduce the nitrogen. Analyses with ratios of 
1-2-3, 14-6, and 0-1-1 should be considered by the grower 
with muck land. The following analyses are extensively used 
on muck soils: 3-12-18, 0-10-10, 4-8-12, 5-20-10, and 4-8-8. 

Suggestions for fertilizing treatment of the more common 
commercially grown vegetables when produced on mineral soils, 
are given in Table XLVII. 

C. Select a good formula. Consider the formula in select- 
ing a fertilizer for vegetables. It is desirable that the nitrogen 
come from several sources, at least part from nitrate of soda 
and part from sulfate of ammonia. If the soil contains an 
excess of lime, that is, has a reaction of pH 7 or above, use 
for the fertilization of most vegetables a mixture in which 
the nitrogen is supplied largely by sulfate of ammonia. An 
animal or a fish ammoniate, such as animal tankage or dried 
ground fish scrap, should be contained in sufficient amounts 
to prevent the fertilizer from lumping. A mixture in which 
one-third of the nitrogen is supplied as nitrate of soda, one- 
third as sulfate of ammonia, and one-third as tankage or as 
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fish scrap, makes an excellent fertilizer for the home vege- 
table garden; but is too expensive for extensive commercial 
use. : 

Satisfactory materials are generally used to supply the 
nitrogen in high-analysis fertilizers which contain 4 to 5 per 
cent nitrogen. The ordinary commercial mixture on the mar- 


Fig. 213. Lrrruce Grown on Muck. 


In fertilizing vegetables on muck or peat soils, increase the potash and reduce 
the nitrogen. 


ket with this amount of nitrogen will prove satisfactory for 
the home vegetable garden or for commercial production. The 
phosphoric acid normally comes from superphosphate, and the 
potash from muriate of potash or some of the other standard 
potash salts. 

In the commercial production of vegetables it is desirable 
to have definite information as to the make-up of the fertilizer. 
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TABLE XLVII *, 


FERTILIZERS FOR VEGETABLE Crops GROWN ON MINERAL SOILS 


Sandy Sols | 


Crop 


Approved | Pounds | Approved |} Pounds 
Analyses |per Acre| Analyses | per Acre 


8-16-16 925 
Asparagus 5-10-10 1,500 | 10-20-10 750 
4-8-8 1,850 5-10-5 1,500 


Brussels sprouts, cauliflower, 
celery, onions, and early | 10-10-10 | 1,000 | 10-20-10 750 


cabbage VATE. 1,450 5-10-5 1,500 
8-16-16 625 
Lettuce 5-10-10 1,000 | 10-20-10 500 


4-8-8 1,250 5-10-5 1,000 


Beets, carrots, parsnips, and| 8-16-16 925 
root crops (12 to 18 inches} 5-10-10 | 1,500 | 10-20-10 700 


between rows) f 4-8-8 1,850 5-16-5 1,400 
8-16-16 375 

Snap beans (market) 5-10-10 600 6-18-6 400 

4-8-8 750 4-12-4 600 


Field beans and snap beans oe oars a 6-18-6 


f ; 200 

ocean. 4-8-8 400 | 4-124 300 
8-16-16 475 

Cucumbers, squash, pumpkins | 5-10-10 750 5-20-5 500 
4-8-8 950 4-16-4 600 
8-16-16 625 

Melons 5-10-10 | 1,000 | 10-20-10 500 


4-8-8 1,250 5-10-5 1,000 


Domestic and late cabbage 5-10-10 750 | 10-20-10 500 
4-8-8 950 5-10-5 1,000 
8-16-16 375 

Peas (market) tf 5-10-10 600 5-20-5 400 
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TABLE XLVII—Continued 


Loam and Silt 


Sandy Soils Loam Soils 


Crop 


Approved | Pounds | Approved | Pounds 
Analyses |per Acre| Analyses | per Acre 


8-16-16 625 
Peppers and eggplant 5-10-10 | 1,000 | 10-20-10 500 
4-8-8 1,250 5-10-5 1,000 


8-16-16 925 
Potato (row application) 5-10-10 | 1,500 | 10-20-10 600 
4-8-8 1,850 5-10-5 1,200 


8-16-16 475 
Sweet corn (market) f 5-10-10 750 6-18-6 400 
4-8-8 950 4-12-4 600 


8-16-16 625 
Tomatoes (market).......... 5-10-10 | 1,000 6-18-6 700. 
4-8-8 1,250 4-12-4 1,000 


Tomatoes (canning) 5-10-10 |} 1,000 5-20-5 600 


Spinach, chard, and other crops} 10-10-10 750 | 10-20-10 500. 
grown for greens eal 1,050 5-10-5 1,000 


* Cornell Extension Bul. 281. 
+ For root crops in 24- to 30-inch rows and for sweet corn and peas for canning, apply 


at about half the respective rates as stated. 


Manure. The recommendations given above are for vegetables grown on soil where 
less than 10 tons of manure is applied, which received manure the year before, or where 
sod residues or soil-improving crops have been incorporated. When more than 10 tons 
of manure is used on the land the year the vegetable crop is grown, select a ratio higher 
in phosphoric acid than that suggested. Use a rate of application which will supply a 
little less nitrogen and potash. Example: In place of a 1-3-1 ratio for tomatoes on silt 
soil, use with manure a 1—4~1 ratio such as a 5-20-5 analysis, applying 600 pounds to 
the acre. 

Band applications. The recommendations given in the table (except for potatoes) are 
based on broadcast applications. Experimental evidence indicates that when fertilizer 
is applied in bands near the row, the rate of application may be reduced. It is dan- 
gerous to apply fertilizer directly in the row, especially with peas and beans. 

Side-dressing. Crops planted on sandy soils are likely to show a profitable response 
to a side-dressing of 100 to 200 pounds per acre of nitrate of soda, sulfate of ammonia, or 
a comparable quantity of nitrogen from some other readily available nitrogen carrier 
Crops on heavier soils should receive a side-dressing of nitrogen whenever growth is slow. 
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This necessitates either the purchase of a public-formula mixed 
fertilizer or the practice of home-mixing. Consequently, un- 
less a satisfactory mixed fertilizer can be purchased on the 
public- or open-formula basis, the commercial producer 
should consider home-mixing.® 

D. Apply properly. Heavy applications of fertilizer should 
be applied broadcast; otherwise, injury to seed germination 
or to the young plant may result. For the home garden, broad- 
cast at least part of the fertilizer after plowing, and mix it 
with the surface inch or two of soil, by harrowing or raking. 


Fig. 214. A Poraro FieLtp In New JERSEY. 


In the commercial production of vegetables it is desirable to have definite information 
as to the make-up of the fertilizer. 


In addition to the broadcast application, use 300 to 500 
pounds to the acre in the row, care being taken that it does 
not come in contact with the seed. Also plan to top-dress the 
growing crop with 75 to 100 pounds to the acre of nitrate of 
soda or sulfate of ammonia when additional nitrogen is needed 
for satisfactory growth.?° 

E. Apply lime when needed. The need of lime will depend 
on the acidity of the garden soil and on the character of the 
crop. Both these factors must be considered in determining 
the liming practice to follow. Unless a soil is acid in character, 


® See Chapter VII for home-mixing of fertilizers. 
10 See Chapter VII for methods of applying fertilizer. 


FERTILIZING THE VEGETABLE GARDEN 465 


the application of lime may injure rather than benefit most 
vegetable crops. The crops themselves vary in their tolerance 
to acidity, that is, they vary in their lime needs. Watermelons 
require an acid soil. Potato scab is difficult to control in an 
alkaline soil. Such vegetables as onions, beets, chard, and 
cauliflower are extremely sensitive to soil acidity. 
Consequently, where the soil is found upon testing to be 
extremely acid, or where the crop to be grown requires soil 


Fig. 215. Tor-Dress CaBBpaGE witn NITRATE oF Sopa. 


Top-dress the growing crop with 75 to 100 pounds to the acre of nitrate of soda or 
sulfate of ammonia when needed for satisfactory growth. 


well supplied with lime, apply lime in amounts to counteract 
the acidity to the extent of satisfying the needs of the crop 
to be grown. After the initial application, apply 1 ton of 
limestone, 14 ton of burned lime, or 34 ton of hydrated lime 
every few years as its need is indicated by a soil test. Do 
not apply lime directly for potatoes, and only sparingly to 
any other crop in the potato rotation. At all times avoid 
overliming in vegetable production.** 


11 See Chapter VI for determining the need for lime, applying lime, 
and tolerance of crops to acidity. 
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3. FERTILIZING FLOWERS 


In general, flowers require similar soil conditions to most 
vegetables and respond to similar fertilizer treatment. The 
same as vegetables, they vary in their tolerance to soil acidity. 
Some, such as azaleas, daisies, salvia, and many of the rock- 
garden plants, do best on very acid soils, whereas most others 
do best when the soil is very slightly acid to neutral. Where 
desired, the acidity of the soil may be increased by the appli- 
cation of aluminum sulfate (common alum). Table XLVIIT 
gives the amount to apply to produce the desired acidity. 


TABLE XLVIII * 


AMouNTS OF ALUMINUM SULFATE TO APPLY IN ACIDIFYING SOILS 


Amount to Apply 


Reaction of Soil to be Acidified Her Sduarenvarn 


Neutral to strongly alkaline (pH 7 to pH 8)........... ~ pound 


3 
bend KevenGl(Gasl Gwor7alel M7) oancasmommoseoooagcupons % pound 
Moderately acid (pH 5.5 to pH 6)mbe...... 2+. eee se ee + pound 


* Cornell Extension Bul. 281. 


Apply the aluminum sulfate to the surface and water thor- 
oughly to dissolve and to wash it into the surface 6 to 8 
inches. Delay planting for a week or ten days after treatment 
is applied. 

In the production of flowers maintain a high organic- 
matter content of the soil. For this purpose use rotted manure, 
compost, leaf mold, or peat moss. The last two materials 
increase acidity and for this reason are especially well suited 
for use where a high degree of soil acidity is desired. If deal- 
ing with a heavy-textured soil poorly suited to flowers, for 
small flower beds consider the possibility of removing the sur- 
face 8 or 10 inches and replacing with a mellow loam. 

For potted plants the preparation of the soil is of great 
importance.’? Select a mellow garden loam or prepared com- 


12 See General Information at end of chapter on making compost. 
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post preferably having a slightly acid reaction (pH 6 to pH 
7). To 2 parts of this material add 1 part of rotted manure, 
or decomposed leaf mold. Incorporate with this mixture a 
5-10-5 fertilizer at the rate of 1 pint to 4 bushels. For 
rapidly maturing house plants, no further fertilization will be 
necessary, but for those living over long periods, such as 
begonias, ferns, geraniums, and ivies, additional fertilizer 
should be applied. Use nitrate of soda or sulfate of ammonia 
and apply in liquid form. Dissolve in water using 1 ounce to 
1 gallon of water and apply at the rate of a cupful monthly 
to each medium-sized pot. Apply only when the soil is moist. 

Suggestions for fertilizing the more common garden flowers 
is given in Table XLIX."* 


4. PREPARING AND FERTILIZING GREENHOUSE SOILS 


Soils for greenhouse use require special preparation. Al- 
most unlimited expense can be justified in making them ideally 
suited, both physically and chemically, to the production of 
the plants. To control diseases of various kinds, frequent soil 
sterilization, or the occasional changing of the greenhouse soil, 
is necessary. The efficient management of such soils is an art 
requiring the use of all available scientific information not 
only on soils but also on plant nutrition and on disease and 
insect control as well. 

The fertilization of vegetable crops grown under glass 
should be the same as outlined for field production, except 
that the rate of application may be considerably increased. 
Efficient fertilization requires having available constantly all 
the nutrients the crops can advantageously utilize, and at the 
same time avoiding injury because of excessive amounts. The 
fertilizer is often applied in solution for greenhouse plants.1* 


13 For detailed information on fertilizing florists’ crops see Cornell 


Ext. Bul. 281. 
14 See General Information at end of chapter for information on the 
preparation of soil material for greenhouse use. 
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TABLE XLIX * 


Rate or APPLICATION OF FERTILIZER MATERIALS FOR GARDEN AND 
GREENHOUSE FLOWERS 


Materials pees Rate of Application 
Dried blood Solution 3-inch pot to 3 bushels of soil, or 2 pounds per 
100 square feet 
Horn shavings Dry 4-inch pot to a bushel of soil 
Leaf mold Same as for peat 
Time Apply to correct acidity 


Manure (cow or horse) 


As fertilizer 


From 10 to 20 tons per acre, or 4 bushels per 
100 square feet of soil 


As mulch linch deep on top of soil 
Manure (poultry, rab- 5 tons per acre, or 1 bushel per 100 square feet 
bit, or hog) of soil 
Mixed fertilizer Dry From 2 to 3 pounds per 100 square feet of soil, 
4-12-4; 5-10-5 : or 3-inch pot to 3 bushels of soil, or 1 tea- 
spoonful to 5-inch pot of soil 
Mixed fertilizer Dry 1 pound or less per 100 square feet of soil, or 
10-20-10; 15-30-15 2-inch pot to 3 bushels of soil, or % tea- 
spoonful to 5-inch pot of soil 
Solution 1 ounce to 2 gallons of water 
Muriate of potash Dry 500 pounds per acre, or 1 pound per 100 square 
feet of soil 
Solution 1 pound in 10 gallons of water applied to 100 
square feet of soil, or }4 cup of solution to 
5-inch pot of soil 
Nitrate of soda Same as sulfate of ammonia 
Peat Incorporated 2 bushels to 100 square feet of soil for garden 
in topsoil 
Mulch ¥%-inch layer 
Sulfate of ammonia Dry 1 pound to 100 square feet of soil 
Solution 1 pound in 10 gallons of water applied to 100 
square feet of soil, or 1 cunful of solution to 
5-inch pot of soil 
Sulfate of potash Same as for muriate of potash 
Superphosphate (16 or | Dry 1000 pounds per acre, 5 pounds per 100 square 
20 per cent sce on benched soil, 4-inch pot to bushel of 
soi 
Tankage Dry 4-inch pot to 3 bushels of soil; 5 pounds per 
100 square feet 
Urea Solution only 


* Cornell Extension Bul. 281. 


1 ounce to 7 gallons of water applied to 100 
square feet of soil, or 1 cupful of solution to 
5-inch pot of soil 
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The fertilizer recommendations for flowers in Table XLIX 
are given on the basis of greenhouse as well as garden 
production. 


5. Frertiuizing tHE Lawn 


There are two distinct types of lawns: one composed largely 
of Kentucky bluegrass and white clover; and the other of 
acid-tolerant grasses such 
as bent grass, redtop, and 
fescue. The former type 
is suited to soils well sup- 
plied with lime but grows 
satisfactorily on moder- 
ately acid soils. When 
properly fertilized, such a 
lawn will do well with 
the minimum attention. 
However, the latter type 
is sometimes preferred as 
the turf is thicker, of a 
finer texture, and causes 
less staining of clothing. 
It requires more frequent 
cutting, fertilizing, and 
watering than the blue- 
gerass-white clover type. 

Since the bent grass Fie 216. Bent-Grass Turr, Six 
can be developed on &@ Werxs Op, Srarrep From Srorons. 
very acid soil, certain (U. S. Dept. of Agr. and U. S. Golf 
weeds may more easily Assoc.) 


be controlled than in A bent-grass lawn is sometimes preferred 
to a bluegrass lawn as the turf is thicker, of a 


lawns suited only to finer texture, and causes less staining of clothing. 
slightly acid soils. How- 

ever, weeds are tolerant to both acidity and alkalinity, and 
their control in the lawn is more a matter of fertility level and 
of management, than it is of soil acidity. The fertilization 
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of the lawn depends on the type of turf, and especially on 
the amount of white clover present. 


Procedure: 


A. Apply lime only when needed. 

B. Consider using manure or other organic material. 

C. Fertilize liberally. 

D. Give the soil proper treatment prior to seeding a lawn. 
E. Seed the proper grass mixture. 


Fig. 217. BuurGrass AND WHITE-CLOVER Lawn. 


Where the sward consists largely of Kentucky bluegrass and white clover and the 
soil is acid, lime may be needed. 


A. Apply lime only when needed. In determining whether 
or not to lime a lawn, consider first the soil reaction, and sec- 
ond, the type of vegetation of which the sward is composed. 
Where the sward consists largely of Kentucky bluegrass and 
white clover and the soil is acid, lime may be needed. Test 
the soil, and if the acidity is in excess of pH 6, lime should 
be applied. The rate of application should never be heavier 
than the amount necessary to neutralize the surface soil. 
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Many lawns have been injured by overliming. The appear- 
ance of moss in a lawn is as often due to alkalinity as to 
acidity of the soil. The same is true of weeds. In a lawn, 
moss and weeds are the result of either excess acidity or alka- 
linity or of a low fertility level. Excess shade is another con- 
tributing factor to the development of moss. 

As a general rule do not apply lime to bent grass and 
fescue swards or to the grass swards of the South, which com- 
monly consist of such acid-tolerant grasses as Bermuda, car- 
pet and St. Augustine grass. Lawns in the western states 
seldom require liming. Before liming Kentucky bluegrass and 
white-clover swards, make certain that the surface soil is acid. 
In applying lime to an established lawn do not attempt to 
satisfy the lime requirement of the surface soil with a single 
application. Instead make several light applications at inter- 
vals of two or three years. This gives the lime an opportunity 
of working down into the soil and prevents the accumulation 
of an excess in the surface inch. If the surface soil is less 
acid than pH 6, or if the acidity has been reduced to this 
point by liming, additional lime should not be needed even for 
Kentucky bluegrass and white-clover lawns so long as liberal 
applications of superphosphate or of non-acid-producing mixed 
fertilizer are used, and any nitrogenous top-dressings made 
consist of nitrate of soda instead of sulfate of ammonia. 

In liming an established lawn do not apply at one time 
more than 4 pounds of ground limestone, 3 pounds of hydrated 
lime, or 2 pounds of burned lime to 100 square feet. Apply 
the lime broadcast during the late fall, winter, or very early 
spring while the grass is dormant. 

B. Consider using manure or other organic material. 
Frequently it is desirable to apply an organic material to 
established lawns. Such treatment is particularly beneficial 
where, because of either climatic or soil conditions, the lawn 
is subject to drought injury. A mulch of organic matter has 
been found very helpful in conserving moisture of heavy clay 
soil. It is also beneficial in keeping the soil cool. If there 
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is a large proportion of white clover in the sward, the mulch 
is of less importance on account of the shade produced by the 
clover leaves. 

A number of organic materials may be applied to lawns. 
Of these ordinary farm manure is frequently used. When 
well rotted and free from weed seed it is a satisfactory ma- 
terial, though often objectionable because of its disagreeable 
odor. Artificial manure when adequately decomposed is an 
excellent organic material for use on lawns. Pulverized poul- 
try manure, dried sheep manure, cottonseed meal, castor 
pomace, and peat are other materials to consider. If mowed 
frequently, the clippings may be left on the lawn as a source 
of organic matter. 

Organic materials should be applied when the sward is 
dormant, preferably in the early spring. The rate of applica- 
tion will depend on the concentration of the material used. 
Apply at the following avproximate rates to 100 square feet: 
rotted farm manure, artificial manure, and peat, 25 to 50 
pounds; cottonseed meal and castor pomace 2 to 3 pounds. 

C. Fertilize liberally. The lawn should be fertilized liber- 
ally. Start each season by top-dressing with a mixed fertilizer 
in the early spring before the grass starts growth; choose an 
analysis high in nitrogen such as the 8-6-4 or 10-6-4 for grass 
swards, but where white clover constitutes a good proportion 
of the sward use a mixture with less nitrogen such as the 
5-10-5. Apply at the rate of 1 to 2 pounds to 100 square feet. 
If spring growth has started, apply the fertilizer when the 
grass is dry, and unless washed down by a soaking rain, water 
thoroughly to get the fertilizer into the soil and prevent burn- 
ing the young grass. 

Where the lawn consists of the acid-tolerant grasses, sup- 
ply the nitrogen as sulfate of ammonia. Use the following 
formula: 


10 pounds sulfate of ammonia 
8 pounds 16 per cent superphosphate 
144 pounds muriate of potash 
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For bluegrass lawns substitute nitrate of soda for the sulfate 
of ammonia, and if white clover occurs with the bluegrass, 
reduce the amount of nitrate of soda from 10 to 5 pounds. 
In either case, the amount of fertilizer will be sufficient for 
1000 square feet of lawn. Apply immediately after mixing, 
since these mixtures are subject to lumping on standing. Rake 
over any thin spots in the turf, and reseed prior to or at the 
time the fertilizer is applied. 

In order to maintain a vigorous growth throughout the 
season, apply a top-dressing of sulfate of ammonia or of 
nitrate of soda a month or six weeks after the complete- 
fertilizer treatment is made. Five or 6 pounds to 1000 square 
feet will suffice. Use nitrate of soda for bluegrass and white- 
clover lawns, and sulfate of ammonia for bent grass, redtop, 
and other grass swards. Apply when the grass is dry just 
before a rain, or plan to water the lawn thoroughly imme- 
diately after the treatment. Repeat the application at four- 
to six-week intervals during the growing season when the 
condition of the turf indicates the need of additional nitrogen. 

D. Give the soil proper treatment prior to seeding a lawn. 
In establishing a new lawn, first make certain that the soil 
is adequately drained. Unless it is naturally well drained, 
install a tile-drainage system.1°> See to it that the surface 
material to a depth of 6 to 8 inches consists of topsoil, well 
supplied with organic matter and preferably of a heavy-loam 
texture. If the acid-tolerant grasses are to be seeded, make 
certain that the surface soil material is acid in character. 
Unless it is sufficiently acid, apply aluminum sulfate in 
amounts necessary to produce the desired soil reaction.’® If, 
on the other hand, the sward is to consist of Kentucky blue- 
grass and white clover, apply approximately enough lime to 
neutralize the acidity of the surface soil.’ Also incorporate 
organic material by adding 1 pound of well-rotted manure, 


15 See Chapter III, Soil Drainage. 
16 For acidifying soils, see page 466. 
17 See Chapter VI for testing soil for acidity. 
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artificial manure, or peat moss to the square foot of surface, 
unless the soil is naturally well supplied with organic matter. 
Work this organic material into the surface to a depth of 2 to 4 
inches. Apply 15 to 20 pounds of a complete fertilizer to 1000 
square feet of surface in the late summer or early fall just 
prior to seeding. Rake or harrow thoroughly to mix the ferti- 
lizer with the surface inch or two of soil. In selecting the 
fertilizer, choose one or the other of the formulas given on 
page 472, depending on the type of lawn that is to be 
established. 

E. Seed the proper grass mixture. Plan to seed the lawn 
in the late summer or early fall. In the northern states, seed 
the last week in August and proportionately later in the 
warmer climate of the South. Seeding may be done in the 
early spring, but generally better results are secured from 
fall seedings. Seed at the rate of 1% to 3 pounds to 1000 
square feet. Go over the ground twice, seeding in opposite 
directions in order to secure a uniform distribution of the seed. 
Avoid seeding when a strong wind is blowing. Rake or harrow 
lightly so as to cover the seed. Southern grasses such as 
Bermuda and carpet grass are most successfully established 
with stolons instead of by seeding. Bent grass also is often 
propagated with stolons. 

For bluegrass lawns, seed a mixture of 4 parts by weight 
of Kentucky bluegrass and 1 part of annual rye grass. In 
heavily shaded areas, substitute rough-stalked bluegrass for 
the Kentucky bluegrass. Where a white-clover and bluegrass 
mixture is desired, replace the rye grass with white clover in 
the proportion of 1 part by weight of genuine wild white 
clover 7® to 10 parts of bluegrass. On acid soils, seed bent 
grass either alone or mixed in equal amounts with Chewing’s 
fescue. The Rhode Island variety of bent grass is the best 
for the ordinary lawn. The creeping bent produces a finer turf 

18 Wild white clover seed is produced in England. It has recently 


appeared on the American market, and is superior to the common white 
Dutch clover for lawn seedings. 
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and should be used for golf greens or other places where the 
finest-quality turf is desired. Unfortunately, creeping bent 
grass requires frequent clipping and watering to keep it in 
the best condition. Another possible objection to the creep- 
ing bent is the high cost of seed. Seed bent grass at the same 
rate as bluegrass. On a small area, or if expense is of minor 
importance and it is desired to secure a good sward quickly, 
use bent-grass stolons instead of seed. If fescue sward is pre- 
ferred to bent grass, seed red fescue, preferably Chewing’s New 
Zealand variety, at the rate of 8 to 10 pounds to 1000 square 
feet. 

The following is a good general-purpose mixture for the 
northern states. Sow it at the rate of 2 to 3 pounds to the 
1000 square feet: 


IGS TALE A ARNE, 5 A om oe soe 50 per cent 
Rhode Island bent grass...... elon pekacent 
Rough-stalked bluegrass .......... 10 per cent 
IRYEONWO}O) sole to citer Ge eres eee ae 10 per cent 
@hewineismlescucmer yarns cms ae atu 10 per cent 
Walle! Vida? ClOWEe . chao none oun come 5 per cent 


GENERAL INFORMATION 
1. How to Maxe Compost 


Commercial growers very often prepare compost for their 
greenhouse benches by fertilizing and manuring a field soil 
liberally and growing several green manure crops in succes- 
sion. Directions for this field method of preparing compost 
are given in detail in Bulletin 281 of the Cornell Experiment 
Station. If relatively small amounts of compost are needed 
or if land is not available for field preparation, the compost- 
pile method may be used. This consists of building a pile 
with alternate layers of soil and manure, and of incorporating 
additional plant nutrients by the addition of fertilizer ma- 
_ terials. Lime may be incorporated in addition to fertilizer 

if the soil is sufficiently acid to require it. 
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The following specific directions for making compost by 
the pile-method are from Cornell Extension Bulletin 281. 


1. Select a desirable type of soil, preferably a sandy loam sod. 

2. Pile alternate layers of soil and manure, 8 inches of soil and 
3 inches of manure. 

3. Spread superphosphate on top of each layer of manure, using 
10 pounds to 100 square feet of soil. 

4. Spread muriate or sulfate of potash on each layer of manure 
at the rate of 2 pounds to 100 square feet. 

5. Lime should not be used unless the soil test shows the need 
for it (page 275). The soil should be slightly acid. 

6. Hollow the top of the pile to catch water. 

7. Keep the soil moist. 

8. Turn the compost every three months. 

This will be ready to use in from nine months to one year. 


COMMUNITY STUDIES 


i. Visit several vegetable gardens in the community and determine 
the character of the soil and its fitness for gardening purposes. 

2. If an unproductive garden soil can be located, examine it and 
determine, as far as possible, the cause of its unproductivity. 

3. Determine the lime, manure, and fertilizer practice followed in the 
treatment of several local kitchen gardens. To what extent are green- 
manure crops grown? 

4, Study the tillage practices. 

5. Determine whether or not cover crops are grown. 

6. If vegetables are grown commercially in the community, study 
the soil-management practices followed by at least one good commercial 
grower. 

7. Outline a soil-management system for your home garden or some 
other one that is typical of those in the community. 

8. Visit a commercial greenhouse, and determine the fertilizer prac- 
tices followed for vegetables or flowers grown under glass. 

9. How is the soil prepared before it is put into the benches? 

10. Outline a procedure for the successful fertilization of house plants. 

11. Study the character of vegetation and record the kinds of plants 
found in several lawns. 

12. Secure information as to the treatment followed in connection 
with at least one good lawn in the community. 

13. Outline the procedure to follow in the establishment of a lawn 
in your local community. 
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CHAPTER XII 
MANAGING FRUIT SOILS 


A favorable climate and a suitable soil are the primary 
requisites for the successful growing of fruit. For commercial 
production, choose the location with care, making certain 
that the climate is favorable for the type of fruit to be grown, 
and that the soil is naturally well drained but not subject to 
drought. Consider only farms situated in a recognized fruit 
section, and, even in such a section, secure the services of a 
fruit specialist if there is any question as to the suitability 
of the soil. 

Two cultural methods are extensively followed in the man- 
agement of orchard soils: (1) tillage with cover crops, and 
(2) the sod mulch. Each method has its staunch supporters, 
and with proper supplementary treatment either will give 
satisfactory results. If the topography is rough or the surface 
soil stony, the sod method should be employed with apples 
and pears. The stone fruits, particularly peaches, require 
tillage, as do grapes and the bush fruits. Virtually two sys- 
tems of orchard-soil management have been developed, one 
for tilled and the other for sod orchards. 

A vigorous growth made early in the season is recognized 
as essential in fruit production. With the young orchard, 
a rapid and vigorous growth of tree is desired to hasten the 
date at which profitable crops may be produced, and with the 
mature orchard it is conducive to the set of fruit and the pro- 
duction of healthy fruit spurs early in the season. The latter 
is an essential for a good crop of fruit the following year. 
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This desired growth in the spring and early summer is pri- 
marily dependent on an adequate supply of available nitrogen, 
which can be furnished either by tillage and the return of 
green-manure crops, or by applying nitrogenous fertilizers. 


Fig. 218. A Typtcau Fruit Section. (Hort. Dept., Ill. Agr. Exp. Sta.) 


In choosing a location for commercial fruit production consider only farms situated 
in a recognized fruit section, 


Operations: 


1. Tilling the orchard. 

2. Growing cover crops in the orchard. 
3. Fertilizing tilled orchards. 

4. Fertilizing sod orchards. 

5. Fertilizing small fruits. 
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Fig. 219. A Werwi-Tittep Pracn Orcuarp. (Agro. Dept., N. Y. State 
Col. of Agr.) 


The stone fruits, particularly peaches, require tillage. 


Fig. 220. A Wew.-TitLep Vineyarp. (Agro. Dept., N. Y. State Col. 
of Agr.) 


Grapes and the bush fruits must be tilled. 
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1. Tinting THE ORCHARD 


Where orchards are tilled, it is essential that this be done 
at the proper time and that tillage operations cease relatively 
early in the season. The practice includes plowing or deep 
disking, followed later in the season with several harrowings.* 


Procedure: 


A. Plow or disk. 
B. Harrow. 


Fig. 221. Diskine tHe Orcuarp. (Dept. of Pomology, N. Y. State Col. 
of Agr.) 


Plow or disk the orchard either in the late fall or very early spring. 


A. Plow or disk. Plow or disk the orchard either in the 
late fall or in the very early spring. Tillage hastens the de- 
composition of the soil organic matter and the liberation of 
available nitrogen. By tilling the orchard prior to the bloom- 
ing period, nitrates will be formed in the soil at a sufficiently 
rapid rate for a good set of fruit, provided the soil contains 
an average amount of decomposable organic matter. Except 


1See Chapter IV, Tilling the Soil. 
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where the soil is subject to erosion or where the trees are 
susceptible to winter root injury, plow in the late fall. Other- 
wise, plow just as early in the spring as the soil is in fit con- 
dition to be worked. This will generally be April or early 
May in the North, and March or early April in the South. 
Avoid deep plowing. Five to 6 inches is sufficiently deep 
for the bearing orchard. Where intercropped, the young or- 
chard may be plowed to a depth of 7 inches if the crop grown 


Fig. 222. A Wertu-TILLED OrcHARD. 


By frequent cultivation of the orchard keep down the growth of weeds, conserve 
moisture, and maintain favorable conditions for nitrification. 


between the trees requires a deep seed-bed. As the trees 
come into bearing, it is well to leave the lower surface soil 
undisturbed by tillage so that the roots may work up into it. 
A 5- to 6-inch seed-bed will be found deep enough for the 
cover crops. On the lighter soils, a large type of cutaway 
disk, well weighted down, may be used instead of the plow. 
It is especially suitable where the tractor is used for power. 
B. Harrow. Work the plowed soil of the orchard every 
two or three weeks during the spring with a disk or spring- 
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tooth harrow. In this way, keep down weed growth, conserve 
moisture, and maintain favorable conditions for nitrate for- 
mation. Normally, three or four harrowings should be given 
prior to July. 

Tillage should cease about July first. With pears it should 
cease even earlier when necessary to control blight. Peaches 
may well be tilled for a month later, but tillage should cease 
sufficiently early for the successful production of a cover crop. 


Fig. 223. Harrowine ORCHARDS. 


Harrow the orchard to keep down weed growth, conserve moisture, and maintain 
favorable conditions for nitrate formation. 


Late tillage is conducive to continued wood growth, which 
may not become sufficiently hardened to resist winter injury. 
As with the date of plowing, that at which tillage should cease 
depends on location, kind of fruit, and character of soil. In 
general, it should be earlier and not later than the common 
practice. 

2. Growine Cover Crops IN THE ORCHARD 


Since tillage hastens the destruction of soil organic matter 
it furnishes increased amounts of nitrates for the trees. Where 
the surface soil is rich in organic matter, tillage alone will 
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suffice in meeting the nitrogen needs for a period of years. 
As the organic-matter supply decreases even with rich soils, 
provision must be made to replenish it. Most fruit soils are 
relatively low in organic matter, so that from the very begin- 
ning cover crops should be grown and returned as green 
manure to replenish the supply of the tilled orchard.” 


Procedure: 


A. Determine the crop to be grown. 
B. Seed at the proper time and rate. 
C. Plow under as green manure. 


A. Determine the crop to be grown. Most of the crops 
used in green manuring are adapted to the orchard. The leg- 
umes are naturally to be preferred to the non-legumes, since 
the soil on which they have been grown is well supplied with 
nitrates the following spring. This is ideal for fruit. The 
superiority of legumes over non-legumes as cover crops for 
the orchard is not fully appreciated. 

On soils well supplied with lime, either the annual or 
biennial variety of sweet clover may be used. Under these 
conditions, alfalfa is also a good cover crop. Red, alsike, or 
Ladino clover, may be used where the subsoil is not suited 
to alfalfa or sweet clover, or where the surface soil contains an 
insufficient amount of lime for these crops. In the South, 
crimson clover can be used as a winter cover crop and cow- 
peas for a summer crop to be plowed under in the fall. On 
acid soils, in both the North and the South, winter vetch 
seeded with rye is excellent where the seeding is made rela- 
tively late and the orchard not plowed until spring. Other 
cover crops adapted to orchards are buckwheat, soybeans, oats, 
rye, rape, and cowhorn turnips. A heavy growth of buck- 
wheat, turnips, or rape may be bothersome at picking time. 
Weeds are sometimes permitted to grow as a green-manure 
crop, but the practice cannot be encouraged. 


2See Chapter VIII, Leguming and Green Manuring. 
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B. Seed at the proper time and rate.—Seed the cover 
crops at the time of the last cultivation. This should be rela- 
tively early in the summer. The cover crops draw on both the 
moisture and nitrate supply of the soil, reducing the amount 
available for the trees. This tends to check new wood growth, 
to lessen blight injury, and to produce conditions favorable 
to proper ripening and better coloring of the fruit. 


Fig. 224. Swrrt-Ciover Cover Crop in a YouNG OrcHaARpD. (Dept. of 
Pomology, N. Y. State Col. of Agr.) 


On soils well supplied with lime, either the annual or biennial variety of sweet 
clover may be used, 


The actual date at which the cover crop should be planted 
will vary with climate, soil, age of tree, kind, and even variety 
of fruit. In the North, seed in early July in bearing orchards, 
and somewhat later in young orchards. In the South, seed a 
few weeks later than in the North. The seeding should be 
earlier for pears than for apples, as a means of blight control, 
and fully a month later for the bearing peach orchard, which 
needs a good supply of nitrates for the full development of the 
fruit. Seed the cover crop somewhat earlier in soils that are 
well supplied with organic matter than in those deficient in 
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this constituent. The prevailing practice is to seed too late 
rather than too early, especially in apple and pear orchards. 

C. Plow under as green manure. Plow the cover crop 
under when still green. Where a summer crop, such as buck- 
wheat, cowpeas, or rape is grown, plow the orchard in the fall. 
Where fall plowing is not feasible, choose a cover crop that 
remains green over winter. Plowed under while green, the 
organic matter decomposes quickly, thus furnishing nitrates 


Fic. 225. Swenr Corn GRowING In A YounG Orcuarp. (Dept. of Hort., 
lll. Agr. Exp. Sta.) 


Where cash crops are grown in the young orchard, fertilize them in the same way as 
when grown under field conditions. 


promptly. If the cover crop is permitted to mature, decom- 
position is slow and not only is nitrate formation retarded 
but also the soil supply of nitrate may be temporarily reduced. 


38. FERTILIZING TILLED ORCHARDS 


Tillage, combined with the production of cover crops and 
their return as green manure, has been found to satisfy largely, 
if not entirely, the plant-food needs of fruit trees. In the 
tilled orchard, base the fertilizer treatment largely on the 
needs of the cover crops or the cash crops grown. 
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Procedure: 


A. Fertilize cover crops rather than trees. 
B. Manure or fertilize trees when necessary. 


A. Fertilize cover crops rather than trees. Apply fer- 
tilizer for the cover crops grown in the tilled orchard. Super- 
phosphate at the rate of 200 to 400 pounds to the acre every 
other year will generally suffice for legumes. On sandy soil, 
and others responding to potash, apply 50 to 100 pounds of 
muriate of potash in addition to the superphosphate. On poor 
soils, besides the minerals, apply 75 to 100 pounds of nitrate 
of soda, sulfate of ammonia, or cyanamid to the acre. Though 
more expensive, equally good results will be secured from an 
application of 300 to 500 pounds of a mixed fertilizer such as 
the 5-10-5. 

Where cash crops are grown in the young orchard, fer- 
tilize them in the same way as when grown under field condi- 
tions. The treatment supplies any additional plant-food needs 
of the young trees that are not entirely satisfied by the soil 
itself. Where cash crops are grown for several years in a 
young orchard and liberally fertilized, there should be suffi- 
cient residual effect to supply the needs of cover crops for 
several years. 

Lime is of little direct benefit to fruit trees. It may actu- 
ally injure citrus fruits. Apply it to orchard soils only when 
cover crops need it for best results. Orchard soils are fre- 
quently acid in character, and lime is a requisite for most 
legumes. The application of lime to very acid soils might 
increase nitrate formation by hastening the decomposition of 
organic matter and by increasing the activity of the inde- 
pendent nitrogen-gathering bacteria of the soil. Because of 
these indirect effects, lime often benefits fruit. 

B. Manure and fertilize trees when necessary. Where 
soils are very deficient in organic matter, or where, because of 
excessive shade, cover crops make an unsatisfactory growth, 
the trees may require treatment. This can generally be 
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detected by the character and color of the foliage. So long 
as the tree produces a heavy foliage of dark-green color, it is 
not in need of nitrogenous fertilizer. Either the failure to 
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BBO) Seen sekeetaee Ondlightisoils=seeseer eee Y%to 2 I te.ss 
Owiery Sipe ocaaee Ontlightisoilese seein eee 2 to 4 3 to 5 


* Cornell Extension Bul. 281. 

t The sod should not be allowed to form closer than 1 to 2 feet from the trunk 
in newly planted trees. A good moisture supply is more important than fertilizer 
at that age. Fertilizer should never be applied within a circle 1 foot from the trunk. 

t Cultivated orchards in soils rich in organic matter may show little or no response 
to fertilizer and should be used only after trial under the particular condition. 


set fruit or an unusually heavy “drop” of fruit indicates an 
insufficient supply of nitrogen. A deficiency of either phos- 
phorus or potassium would normally affect the cover crops 
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before it would the trees. Peaches and cherries, even when 
tilled, should be fertilized. This is also true of grapes and of 
the citrus fruits such ds oranges and lemons. 

Where nitrogen is needed, apply in the form of nitrate of 
soda, sulfate of ammonia, or cyanamid at the rate of 2 to 4 
pounds to the tree for peaches and cherries, and 5 to 10 
pounds for full-grown apple and pear trees. For grapes 
broadeast 75 to 100 pounds to the acre. Always apply the 
nitrogenous fertilizer early in the spring prior to the blooming 
period. Plow into the soil, or, if applied after plowing, har- 
row in. Never apply fertilizer closer than one foot from 
the tree trunks. If available, farm manure instead of the 
nitrogenous fertilizer may be applied at the rate of 8 to 10 
tons to the acre. Watch the trees carefully and do not use 
fertilizer nitrogen so long as, by tillage and the return of 
green-manure crops, an adequate supply of nitrates is fur- 
nished. 

Citrus fruits, in common with the other tree fruits, are 
benefited chiefly by nitrogen. They differ, however, in that 
they give best results when part of the nitrogen is supplied as 
organic ammoniates in the fall of the year. For citrus fruits, 
apply 8 to 10 pounds of animal tankage or other organic 
ammoniate to the tree in the fall, and in the early spring an 
equal amount of nitrate of soda or sulfate of ammonia. 


4, FERTILIZING SOD ORCHARDS 


Where orchards are left in sod, the grass should be cut 
once or twice each summer. It can be made into hay or left 
in the orchard as a mulch. Often it is raked up and scattered 
under the trees. This is the true sod-mulch method of culture. 
While it conserves soil moisture, it undoubtedly retards nitrate 
formation, and it harbors mice, which often injure the trees. 
Where it is practical to utilize the grass as hay, remove it 


3See Table L for the rate of application of nitrogenous fertilizer 
for fruit trees. 
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from the orchard. Irrespective of the way in which the grass 
crop is disposed of, sod orchards must either be fertilized or 
manured liberally. Where possible, till the young orchard 
until it comes into bearing. If this cannot be done, it, like the 
bearing sod orchard, must be well fertilized or manured. 


Procedure: 


A. Use nitrogenous fertilizer. 
B. Apply manure if available. 
C. Lime and fertilize the sod. 


Fig. 226. Youna Fruit Trees; TILLED on Riaut, Timoruy Sop on LEFt. 


Where possible, till the young orchard until it comes into bearing. 


A. Use nitrogenous fertilizer. The sod orchard must be 
furnished with additional nitrogen. The grass competes with 
the trees for the soil supply, which is insufficient for both 
crops, especially in the early spring. Also, owing to a de- 
pressing effect which grass has on nitrate formation, the sup- 
ply of available nitrogen is reduced in the sod orchard. Unless 
the soil supply is augmented, the foliage will become yellow- 
ish-green in color, growth will be retarded, and bud forma- 
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tion reduced; also, the set of fruit will be lessened, and the 
“drop” increased. Essential, then, to successful production 
with the sod method, is the application of nitrogen in the form 
of either fertilizer or farm manure. 

Nitrate of soda is a good nitrogenous material to use, 
since the nitrogen is in the nitrate form ready for immediate 
use by the trees. Sulfate of ammonia is also a good nitroge- 
nous material for the sod orchard. Though less readily avail- 
able, it is a cheaper form of nitrogen than nitrate of soda. 
At least part of the nitrogen should be furnished by sulfate of 
ammonia or cyanamid where the price is materially lower. 

The rate of application depends on the size of tree, vary- 
ing in the bearing orchard from 5 pounds to 15 pounds of 
nitrate of soda to the tree. Young trees should receive about 
14 pound for each year of their age until they reach the 
bearing stage. Where sulfate of ammonia or cyanamid is 
used wholly or in part, reduce the rate of application so as to 
supply the equivalent amount of nitrogen. In case the sod 
contains a good proportion of clover or alfalfa use only one- 
third to one-half the standard amount per tree. 

Apply the nitrogenous fertilizer early. This is very essen- 
tial. The application should be made when the buds begin to 
swell, which, with apples, is normally about two weeks before 
blooming. Where sulfate of ammonia or cyanamid is used, 
the application may be made even earlier. The object is to 
have the material carried down by rain water to the root zone 
of the trees ready for use during the blooming period. 

Make a broadcast application to each tree. Starting a 
foot or two from the trunk, scatter uniformly over the surface 
well past the spread of the branches. If applied when vegeta- 
tion is dry, temporary burning of the grass, as well as any 
tree foliage which may be started, will be avoided. 

B. Apply manure if available. If manure is produced 
in sufficient quantity on the farm, or if it can be purchased 
at a reasonable price, it may be used in place of fertilizer in 
the sod orchard. Since the nitrogen in manure is more slowly 
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available than that in nitrate of soda or even sulfate of 
ammonia, apply the manure in the late fall or during the 
winter. Scatter it under the trees, covering the same area as 
specified for fertilizer, at a rate of about 40 times that speci- 
fied for nitrogenous-fertilizer materials in Table L. 

Avoid the application of excessive amounts of manure, as 
the residual effect of the nitrogen may hold over long enough 
to retard the ripening of the fruit. Late applications of a 
nitrogenous fertilizer material might also have this effect. 
There is especial danger of retarded ripening when legumes are 
dominant in the sod. As the result of delayed ripening, the 
coloring of fruit will be retarded and may not be fully devel- 
oped by harvest. This adverse effect of nitrogen is the only 
influence which fertilizer is known to have on coloring. 

C. Lime and fertilize the sod. Where the orchard is left 
in sod, make provisions for maintaining a good sod. If the 
soil is very acid, apply lime, as in the production of field 
crops. In addition, broadcast 300 to 400 pounds of super- 
phosphate or an 0-20-20 fertilizer to the acre every two years. 
This combination of lime, phosphorus, and potash often brings 
in white or alsike clover. If the supply of farm manure is ade- 
quate, apply it broadcast to the whole orchard instead of to a 
restricted area around each tree. An application, made in this 
way, of 8 to 10 tons of manure annually will not only benefit 
the fruit but in addition will increase the growth of grass 
and clover, resulting in a larger hay crop or additional ma- 
terial to be left as a sod mulch. Such a broadcast application 
of manure, along with superphosphate and enough lime to 
counteract excess acidity, invariably makes an ideal treatment 
for the sod orchard. 


5. FEerRTILIZING SMALL FRurts 


Besides the tree fruits and grapes, various small fruits, 
such as currants, gooseberries, raspberries, blackberries, and 
strawberries, require proper fertilization for good yields. 
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They are ordinarily given clean tillage, though cover crops are 
sometimes grown. Like the tree fruits, they respond well to 
nitrogenous fertilizer. | 


Procedure: 


A. Fertilize liberally. 
B. Apply lime only where soils are very acid. 


A. Fertilize liberally. The small fruits have much in 
common with vegetables. They are grown in intensive rather 
than extensive systems of cropping. They offer large net re- 
turns per acre, and are produced on relatively high-priced 
land. As a result of these conditions, the soil on which they 
are grown should be liberally fertilized. 

In addition to the annual crop of fruit, the plants must 
make a vigorous new vegetative growth for the production 
of the next season’s crop. The bearing canes of blackberries 
and raspberries die each fall; strawberries are borne, largely 
at least, on the new plants produced by runners the previous 
season. Consequently, as with the tree fruits, the treatment 
must take into consideration new vegetative growth as well 
as the immediate yield of fruit. 

For best results with strawberries, give the soil a liberal 
treatment when the bed is prepared. If possible, plow under 
a good clover sod and apply 500 to 600 pounds of super- 
phosphate and 100 pounds of muriate of potash, or 500 to 600 
pounds of an 0-20-10 fertilizer, to the acre. Otherwise plow 
under 20 tons of superphosphated manure to the acre. If the 
plants show lack of vigor apply nitrate of soda or sulfate of 
ammonia as a side-dressing at the rate of 150 to 200 pounds 
to the acre. Make the application in late summer or early 
fall rather than in the spring. Excess nitrogen may result in 
soft berries subject to rot in wet seasons. If neither manure 
nor legume sod is turned under, a complete fertilizer such as a 
5-10—5 should be incorporated with the surface soil when the 
bed is prepared. Use 800 to 1000 pounds to the acre. 
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Apply sufficient fertilizer for raspberries and blackberries 
to produce a good, healthy growth of new canes. On soils low 
in organic matter, apply 200 to 300 pounds to the acre of a 
nitrogenous fertilizer material, such as nitrate of soda. Ex- 
cess nitrogen may lessen their resistance to winter killing. 
An application of 8 to 10 tons of manure to which has been 
added 40 pounds of superphosphate to the ton will give excel- 
lent results. When manure is not available, apply 800 to 
1000 pounds of a 4-124 or a 5-10-5 fertilizer to the acre. 
Superphosphated manure, or a complete fertilizer instead of a 
nitrogenous fertilizer material, should be used on very sandy 
soil. Unless manure is used, grow cover crops, and plow 
under as green manure to maintain the organic-matter supply 
of the soil. The same soil treatment should be given for 
currants, gooseberries, or other bush fruits. 

B. Apply lime only where soils are very acid. Small 
fruits are not directly benefited by lime. In fact, strawberries 
and raspberries grow best on distinctly acid soils. Light ap- 
plications of lime may be used for some of the small fruits if 
the soils are known to be very acid, but do not lime for 
raspberries or strawberries. Benefit will seldom if ever result, 
and actual injury may be brought about. 


GENERAL INFORMATION 
1. EXPERIMENTAL RESULTS IN FERTILIZING ORCHARDS 


The beneficial effect of nitrogenous fertilizer on a sod 
apple orchard twenty-five years old is shown in a striking 
manner by the results reported by the Connecticut Experiment 
Station.* On an average of three years, the application of 
nitrate of soda, at the average rate of 624 pounds to the tree, 
produced an increase of 26314 bushels of apples to the acre. 
The untreated area yielded at the rate of 15114 bushels, and 
the treated section 41424 bushels to the acre. 


4Conn. Agr. Exp. Sta. Bul. 87. 
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The failure of apple trees to respond to nitrogenous fer- 
tilizer, when grown on good soil properly tilled and with a 
cover crop grown annually, is shown in an equally striking 
manner by the results of an experiment at the Geneva Ex- 
periment Station, New York.® As an average of twenty-five 
years, a yield of 9088 pounds of fruit was secured without 
nitrogen, and 8719 pounds where an application of 100 pounds 
of nitrate of soda and 346 pounds of dried blood to the acre 
was made. In interpreting these results, Director U. P. 
Hedrick says: 


The practical outcome of the fertilizer test is that, in the average 
western New York apple orchard that is well cultivated, properly 
drained, and sufficiently supplied with organic matter and humus by 
means of a cover crop, commercial fertilizers are not needed. 


COMMUNITY STUDIES 


1. Visit several well-managed fruit farms. 

2. Study the soil-management practices followed for the different 
kinds of fruit grown. 

3. What cover crops are grown in the orchards of the community, and 
which appear to give best results? 

4. What are the fertilizer practices employed in sod orchards? In 
tilled orchards? Are they adequate? 

5. Suggest possible improvements in the soil-management practices 
that have been observed in local orchards. 
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Fertilizing Deciduous Fruits. Calif. Bul. 610. 
Fertilizing Fruit Trees with Nitrogen. Mo. Bul. 363. 
Managing the Orchard. N. Mex. Bul. 168. 

Orchard Cover Crops. Wash. Bul. 208. 
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APPENDIX 


Tue AGRICULTURAL EXPERIMENT STATIONS 


AvABAMA—Auburn. 
ALAsKA—College. 
ArIzoNA—Tucson. 
ARKANSAS—Fayetteville. 
Ca.irorniAa—Berkeley. 
Cotorapo—F ort Collins. 
ConNECTICUT—Storrs. 
DeLAwARE—Newark. 
Fiormwa—Gainesville. 
Gerorc1aA—Experiment. 
Hawau—Honolulu. 
IpaHo—Moscow. 
Intino1s—Urbana. 
Inp1AnA—La Fayette. 
Iowa—Ames. 
Kansas—Manhattan. 
Kentucky—Lexington. 
LovistanAa—University. 
Maine—Orono. 
MaryLtanp—College Park. 
MassacHuuserrs—Amherst. 
MicuicAan—Fast Lansing. 


Mississippi—State College. 
Missourt—Columbia. 
Montana—Bozeman. 
Nesraska—Lincoln. 
Nevapa—Reno. 

New Hamesuire—Durham. 


Minnesota—Univ. Farm, St. Paul. 


New Jersey—New Brunswick. 
New Mexico—State College. 
New YorK— 

State Station: Geneva. 

Cornell Station: Ithaca. 
NortH CaroLinA— 

State College Station, Raleigh. 
Norts Daxora— 

State College Station, Fargo. 
Oxuto— Wooster. 
OxKLAHOMA—Stillwater. 
OrEGcon—Corvallis. 
PENNSYLVANIA—State College. 
Pusrrto Rico— 

Federal Station: Mayaguez. 

College Station: Rio Piedras. 
Ruope Istranp—Kingston. 
Sourn Carotina—Clemson. 
Sourn Daxora—Brookings. 
Tren NESSEE—Knoxville. 
Trexas—College Station. 
Uran—Logan. 
Vrermont—Burlington. 
Virointa—Blacksburg. 
WasHIncaton—Pullman. 

West Vircrnta—Morgantown. 
Wisconsin—Madison. 
Wyominc—Laramie. 
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A 


Acid phosphate. 
phate. 
Acidity, tolerance of crops to, 250 
See also Soil acidity. 
Acids, defined, 49 
Aeolian soils, defined, 43 
Aeration of soil, 31 
Air, as a source of plant-food, 90 
essential for plant growth, 67 
soul, 30 
Alfalfa, as rotation pasture crop, 
443 
manuring of, 224 
value of, in soil improvement, 
373 
See also Legumes. 
Alfalfa rotation, fertilization of, 
407 
Alkali, kinds of and crop injury 
from, 163-164 
methods of control of, 163-164 
or base, defined, 49 
prevent rise of, 129 
white and black, defined, 130, 131 
Alkali soils, 59 
Alluvial soils, defined, 41 
Alum. See Aluminum sulfate. 
Aluminum sulfate, amount for 
acidifying soils, 466 
Ammonia, defined, 44 
Ammonium sulfate. 
of ammonia. 
Animal tankage, composition of, 
327 


See Superphos- 


See Sulfate 


501 


Ashes, agricultural value of, 272 
as source of potash, 331 
Atoms and atomic weight defined, 
45 


B 


Bacteria. See Soil organisms. 
Base exchange, defined, 51 
Basic slag, 294, 329 
Bedding, composition of, 232 
use of, in stable, 211 
Bluegrass, use of, in lawns, 469 
use of, in pasture mixtures, 422 
Bone meal, composition of, 330 
Bone phosphate of lime, defined, 


338 
Buckwheat and flax, fertilization 
of, 403 
Burned lime. See Lime. 
(@} 


Calcium, amount in soil, 57 
function of, in plant growth, 94 
sulfate. See Gypsum. 
Carbon dioxide, function of, in crop 
growth, 90 

Carbon-hydrogen ratio in soil or- 
ganic matter, 28 

Catch crops and cover crops, for 
green manuring, 365 

seeding of, 365 

Cereal and grass crops, plant-food 
requirements of, 99 

Chemical change, defined, 47 
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Chemical compounds, defined, 44 
list of, with formulas and molecu- 
lar weights, 50 
Chemical elements, defined, 44 
list of, 46 
Chemical essentials for soil man- 
agement, 43-54 
Chemical formulas, defined, 45 
Chemical symbols, defined, 45 
Chemistry and agricultural chem- 
istry, defined, 43 
Chlorophyll, 91 
Classification of soils, 38 
@laya 27, co 
Clay-pans, 9, 30 
Climate, relation to crop produc- 
tion, 104 
Clover, as rotation pasture crop, 
443 
manuring of, 224 
sweet, as cover crop for orchards, 
484 
pasturing of, 445 
seeding in old pastures, 428 
seeding of, 444 
wild white for pastures, 422, 428 
Colloidal complex of soils, 51 
Colloids, soil, 27 


Commercial fertilizers. See Ferti- 
lizers. 
Complete fertilizers, conditions 


justifying, 21 
Composition of crop and animal 


products and by-products, 
101 

Compost, directions for making, 
475 


Compounds, chemical, defined, 44 

Contour farming, 148 

Controlling factor of plant growth, 
72 

Corn, fertilization of, 393 
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Cotton, fertilization of, 397 


fertilizing rotations including, 
397, 409 
plant-food requirement of, 101, 
397 
Cover crops, as conservers of ni- 
trates, 361 


fertilization of, in orchards, 487 
for orchards, and time of seeding, 
483 
growing in the orchard, 483-486 
list of, with rates of seeding, 379 
selecting, 364 
time of seeding, 485 
Crop adaptation to soils, 7 
Crop growth, controlling factor of, 
72 
negative factors of, 72 
Crop residues, compared with farm 
manure, 412 
possible injury from, 369 
utilization of, 368-369 
Crop rotations. See Rotations. 
Crop yields, importance of good, 
23 
Cropping systems, 
386 
Crops, drought-resistant, 136 
emergency, 387 
essentials of growth of, 64 
fertilizing different, 75-86 
plant-food requirements of, 95- 
102 
tolerance of, to acidity, 252 
Crumb structure, 26 
Cultivation, determine frequency 
of, 192 
for moisture conservation, 191 
objections to deep, 191 
of orchards, 481-483 
of vegetable gardens, 453 
shallow and level, best, 191 


essentials of, 


INDEX 


Cultivation, to kill weeds, 189 
Cultivators, types of, 202 
Cumulose soils, 41 


Cyanamid and other synthetic 
nitrogenous materials, 328, 
332 
D 


Disking orchard soils, 481 
preparation of seed-bed by, 183 
Disks, types of, 202 
Ditches, cleaning open, 123 
Diversion ditch, construction of, 
156 
defined, 152 
determining grade for, 155 
directions for laying out, 154 
location, construction, and in- 
spection of, 154-157 
Double superphosphate, composi- 
tion of, 328 
Drainage, benefits of, 160-161 
determining feasibility of, 105- 
108 
importance of, in 
soils, 5 
Drainage systems, caring for, 122 
inspection of, 123 
locating outlet, 109 
open ditches, 111, 123 
planning for installation of, 108 
stone and log, 111 
See also Tile drainage. 
Dried blood, composition of, 327, 
332 
Dry-land farming, 132-138 
conservation of moisture by till- 


selecting 


age in, 134 
conservation of organic matter 
in, 135 


cultivation of crops in, 138 
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Dry-land farming, drought-resistant 
crops for, 136 
rate and depth of seeding in, 138 
souls adapted to, 133 


iE 


Electrons and protons, 45 

Elements, chemical, defined, 44 
essential for plant growth, 52 
fertilizer, 53 
minor or rarer, of plant growth, 

52 
Imergency crops, 387 
Erosion. See Soil erosion. 


F 


Fall plowing, 176 
Fallowing, in dry-land farming, 
135 
Farm land, selection of, 3 
Farm manure, amount produced 
by different animals, 238 
applying superphosphate or rock 
phosphate with, 206, 216 
applying with spreader, 205 
avold exposing in piles, 213 
bedding materials, 232 
benefits from, 239 
calculating amount 
PPA 
calculating value of, 228 
compared with crop residues, 412 
composition of, 229-236 
as affected by feed, 233 
as affected by work of animal, 
234 
composition of bedding material, 
232 
conservation of, 18, 210-220 
conserve liquid, 210 


produced, 
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Farm manure, experimental results 
with, 240-242 
firefanging of, 236 — 
for garden soils, 451 
hauling directly to the field and 
spreading, 217 
hot and cold, defined, 233 
importance of, 204 
losses of, due to exposure, 213, 
235-238 
plant-food regained in, 235-236 
rate of application of, 205 
for flowers, 466 
residual effect of, 239 
storage of, 215 
supplementing with superphos- 
phate, 207 
use of, in rotations, 394 
use of preservative with, 216— 
218 
utilizing advantageously, 209 
See also Manure. 
Farm products, composition of, 
102 
Farming, types of, 
States, 7 
dry-land, 132-138 
Fertility, maintenance of soil, 24 
Fertilization, of sugar beets, sugar 
cane, and sorghum, 401 
systems of, 21, 389-403, 407-409 
Fertilizer, analysis, defined, 305 
composition of, materials, 332 
conditioner or drier, defined, 289 
dryer, defined, 289 
factors to consider in selection 
of, 301 
filler, defined, 289 
for vegetable gardens, 459 
formula, defined, 301 
for vegetable gardens, 460 
guaranteed analysis, defined, 303 


in United 
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Fertilizer, guaranteed analysis, fac- 
tors used in interpreting, 338 
high- and low-analysis compared, 
304 
materials, composition of, 327- 
334 
furnishing phosphoric acid, 328 
furnishing potash, 330 
minor elements in, 308 
nitrogenous materials, 327 
open or public formula, defined, 
301 
orchard experiments with, 494 
patent-medicine, 307 
practice, planning the, 289-293 
ratio, defined, 304 
unit valuation defined, 309 
Fertilizers, application of mixed, 
316 
broadcast application, 319 
choice of, influenced by crop re- 
quirements, 290 
influenced by expenditure for, 
292 
influenced by manure, 291 
influenced by price of crops, 
292 
influenced by relative cost of 
constituents, 292 
influenced by residual effect 
from previous fertilizer 
treatments, 291 
influenced by rotations, 291 
influenced by soil composi- 
tion, 290 
influenced by tenure of land, 
293 
influenced by value of land, 
293 
complete and incomplete, 288 
concentrated, defined, 306 
concentrated materials, 331 
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Fertilizers, codperative buying of, 
312 
double-strength, defined; 306 
drill application of, 317 
effect on soil acidity, 308 
evaluating prices of, 310 
guaranteed analysis of, 303, 338 
home-mixing of. See Home- 
mixing of fertilizers. 
importance of using, 19 
law controlling sale of, 339 
materials used in manufacture 
of, 327-334 
mixed, defined, 288 
need for complete, 21 
need of, 287, 327-333 
nitrogenous, for orchards, 488 
rate of application, 317 
residual effect of, 319 
row application of, 318 
selecting mixed, 300-316 
side-dressing application of, 320 
spot-application of, 320 
storage of mixed, 337-338 
top-dressing application of, 320 
unit valuation of, 309 
Fertilizing a dairy rotation, 394 
Fertilizing buckwheat, 403 
Fertilizing corn in rotations, 393 
Fertilizing cotton, 79 
in rotations, 397 
Fertilizing cover crops, 487 
Fertilizing different crops, 76 
Fertilizing field-crop rotations, 389- 
403 
Fertilizing flax, 403 
Fertilizing flowers, 466-467 
Fertilizing grain and hay rotations, 
390, 393, 394 
Fertilizing grain, silage, and hay 
crops, 85, 314 
Fertilizing greenhouse crops, 76 
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Fertilizing lawns, 83, 469-475 
Fertilizing legumes, 82 
Fertilizing orchards, 81, 486-489 
Fertilizing pastures, 83, 419, 425, 
431 
Fertilizing peanuts, 401 
Fertilizing potatoes, 396 
Fertilizing rice, 403 
Fertilizing rotations, experimental 
results with, 409-413 
Fertilizing small fruit, 492-494 
Fertilizing special crops in field ro- 
tations, 398 
Fertilizing sweet potatoes, 400 
Fertilizing the rotation, 389-403 
Fertilizing tobacco, 398 
Fertilizing vegetable gardens, 458- 
465 
Fertilizing vegetable rotations, 395 
Fertilizing vegetables, 78, 462 
Fish scrap, 328 
Floats. See Rock phosphate. 
Flowers, fertilizer and manure, 
rate of application for, 468 
fertilization of, 466 
soil preparation for potted plants, 
466 
soil suited for, 466 
Fruit, selecting soil for, 478 
Fruit soils, cultural methods for, 
478 
Fruits, bush and vine, plant-food 
requirements of, 100 
fertilizer for small, 492-494 
lime for small, 494 
tree, plant-food requirements of, 
100 
Fungi, 33 


G 


Garden, vegetable, fertilizing the, 
458465 
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Garden crops, rotation of, 457 
Garden soils, farm manure for, 
453 
green-manure crops for, 456 
organic matter for, 453 
plowing, 453 
seed-bed preparation of, 454 
tilling of, 455 
Germination of seed, 87 
Glacial soils, 42 
Granulation, soil, 26 
Grass mixtures for pastures, 422 
Grassland farming, 370-372 
Gravel, 27 
Green manuring, defined, 229 
limitations of, in field-crop pro- 
duction, 363 
Greenhouse crops, fertilization of, 
76, 467 
Green-manure crops, benefits ex- 
plained, 361 
defined, 360 
for garden soils, 362, 456 
for orchards, 483-486 
growing of, 360-368 
list of, with rates of seeding, 379 
stage for plowing under, 367 
superiority of legumes as, 364, 


379 
Ground limestone. See Limestone. 
Gullying. See Soil erosion. 
Gypsum, 271 


H 


Hardpan, 8, 30 
Harrowing, 182 
Harrows, types of, 202 
Heat, essential for plant growth, 67 
soil, 68 
See also Soil temperature. 
Heaving, reducing soil, 355 


INDEX 


High-analysis fertilizers. See Fer- 

tilizers. 

Home-mixing of fertilizers, 321 
calculating cost of, 325 
determining formula for, 323 
directions for, 326 
formulas for, 334-337 
selecting plant-food materials 

for, 322 
tables for, 335, 336 

Hormones, plant, 54 

Humus, soil, 28 

Hydrated lime. 

Hydrogen-ion 


See Lime. 
concentration, 51, 


272-275. 
I 
Inoculation, commercial cultures 
for, 354 


field, for legumes, 377 
glue method of, 376 
legumes, grouped on basis of, 
377-378 
of legumes, methods of, 376-377 
when needed for legumes, 353 
Ions and ionization, 51 
Irrigation, amount of water re- 
quired for, 128 
applying water to field by, 128 
cultivating after, 129 
need of, 124 
preparing field for, 126 
preventing alkali injury as re- 
sult of, 129 
satisfactory water supply essen- 
tial for, 125 
types of, 127 
Irrigating land, 124-138 


K 


Kainit, composition of, 331 
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L Legumes, plant-food requirements 
of, 97 

reducing heaving of, 355 

securing maximum growth of, 


Lacustrine soils, 42 
Land plaster, 271 


Land utilization, 2 351-356 
Land-use reports, 13 soil method of field inoculation 
Lawns, fertilizing, 469-475 for, 377 


preparation of soil for seeding, types of commercial inoculation 
473 materials for, 376 

seed mixtures for, 474 utilization of, in soil improve- 

soul suited for, 451 ment, 347, 356-359 

top-dressing of, 472 value of, as shown by experi- 

types of, 469 ments, 350 

use of lime for, 470 Leguming land, 345-351 

use of manure for, 471 Light, essential for plant growth, 67 

weed control in, 469 Lime, advantages of burned, 260 
Laws, fertilizer and lime, 339 advantages of hydrated, 260 
Legumes, amount of nitrogen fixed agricultural, forms of, 255 


by, 347 
benefits of, 349, 372-374 
on crop which follows, 372 
commercial inoculation for, 354 
comparative effectiveness of, 374 
comparative value in soil im- 
provement through, 357, 374 
compared with non-legumes as 
green manure, 379, 381 
essentials for, 354 
Federal Seed Law concerning, 
375-376 
fertilization of, 82 
glue method of inoculation for, 
376 
groups of, based on inoculation, 
377-378 
importance of, in permanent pas- 
tures, 432 
importance of growing, 345 
importance of hardy seed, 352 
inoculation of, 353, 376-377 
need of, in rotations, 345 
nitrogen fixation by, 346 


application of, for acid soils, 19 
for alfalfa and clover, 249 
for lawns, 470 
for miscellaneous crops, 251 
for orchard soils, 487, 492 
for vegetables, 464 
applying, 265-269 
with manure or fertilizer, 268 
ashes as source of, 272 
benefits of, explained, 279 
carbonate forms of, 255 
chemistry of, 260, 269 
compared with fertilizer, 247 
composition of, table, 271 
content of soils of United States, 
map showing, 246 
crop need for, 248 
crops classified according to their 
need for, 252 
determining kind of to use, 255- 
265 
determining need for, 248-255 
determining rate of application 
of, 275-278 
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Lime, effect on decomposition of 
soil organic matter, 280 
effect on soil bacteria, 279 
effectiveness of different forms, 
262 
experimental results with, 280- 
284 
functions of, in plant growth, 94 
guaranteed analysis of, 265, 339 
injury from excess application of, 
280 
law controlling sale of, 339 
loss from the soil, 245 
lump, 262 
making map for requirement of, 
278 
marl and, 258 
method of application of, 267 
method of calculating value of 
different forms of, 261 
oyster shells and, 259 
rate of application of, 266 
requirement, defined, 248 
litmus-paper test for, 254 
Richorpoor test for, 277 
Soiltex test for, 277 
Teskit test for, 276 
Truog test for, 278 
selecting the kind to use, 265 
slag, 259 
time to apply, 266 
value of different forms com- 
pared, 260 
Limestone, applying for field-crop 
rotations, 393, 394, 398 
dolomitic, 255 
fineness of, 257 
grinding on farms, 260 
screenings, 257 
storage bins for, 259 
Liming, 19, 245-285 
establishing practice of, 269 


INDEX 


Liming field-crop rotations, 393, 
394, 398 

Liming lawns, 470 

Liming materials, composition of, 
269-272 

Liming orchards, 487 

Liming permanent pastures, 419, 
426, 432 

Liming small fruits, 494 

Liming the vegetable garden, 464 

Loams, defined, 35 

Loess, defined, 43 


M 


Magnesium, amount in soils, 57 
function of, in plant growth, 94 
Manure, artificial, production of, 
381 
fresh and rotted, defined, 229 
stall, defined, 229 
superphosphated, 208 
utilization of poultry, 218 
See also Farm manure. 
Manure salt, composition of, 331 
Manuring alfalfa, 224 
Manuring clover, 224 
Manuring corn, 220 
Manuring cotton, 221 
Manuring fruit, 226 
Manuring lawns, 471 
Manuring meadows, 223 
Manuring orchards, 487, 491 
Manuring pastures, 223, 430 
Manuring small grains, 222 
Manuring tobacco, 220 
Manuring vegetable crops, 225 
Mar! lime, 258 
Meadows, as rotation pastures, 444 
fertilization of, in rotation, 390- 
395 
manuring of, 223 


INDEX 


Minor or rarer elements for plant 
growth, 52, 94 

Moisture, conservation of, by cul- 
tivation, 193 

Molecular weights, 48, 50 

Molecule, defined, 45 

Muck, 41 

fertilization of, 22 

Mulch, soil, 193 

Mulches for orchards, 489 

Muriate of potash, 331 


N 


Naming of soils, 35, 38 
Negative factors of plant growth, 
72 

Nitrate of soda, 327 

Nitrification, defined, 361 

Nitrogen, amount of, in soils, 59 
fixation of, by legumes, 346 
function of, in plant growth, 92 
independent bacteria as fixers of, 


370 
relation to soil organic matter, 57 
Nitrogenous fertilizer materials, 
327 


Nodules or tubercles, defined, 346 
Nutrients. See Plant-food. 


O 


Orchards, cover crops for, 484 
fertilization of, 81, 486-492 
fertilizer experiments with, 494 
growing cover crops in, 483-486 
harrowing of, 482 
liming of, 492 
manuring of, 491, 495 
plowing or disking of, 481 

Organic matter, as source of nitro- 

gen, 57 
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Organic matter, benefits of, 28, 29, 
361 
buffering effect of, 29 
carbon-hydrogen ratio in, 28 
character of, 28 
composition of, 28 
crop residues as source of, 368 
effect of lime on decomposition 
of, 280 
effect on carbon-nitrogen ratio, 
28 
farm manure, as source of, 235 
green manure, as source of, 360 
influence on physical and chemi- 
cal properties of soil, 28 
plowing under, 179, 453 
replenishing, 16, 28, 349 
value of sods as source of, 370- 
372 
Organisms. See Soil organisms. 
Oyster-shell lime, 259 


IB 


Pasture areas, United States, and 
character of vegetation in 
each, 448 
Pasture crops, 
446-447 
Pastures, alternate grazing of, 436 
applying lime and_ superphos- 
phate to permanent, 419, 425 
carrying capacity of, 438 
clipping weeds and ungrazed 
herbage of, 4389 
establishing permanent, on plow- 
able land, 417-424 
extent of, in United States, 416 
fertilization of, 419, 425, 431 
importance of good, 415 
importance of legumes in per- 
manent, 432 


growing annual, 
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Pastures, importance of wild white 
clover in, 432 


improving non-plowable, 425- 
431 

incorporating, in the rotation, 
441-446 

injury to, from overgrazing, 
435 

intensive system of fertilization 
of, 434 


land suited to, 417 
managing permanent, 431-439 
manuring permanent, 430, 433 
plowing permanent, 418 
range, grazing of, 437 
regulating grazing of, 423, 434 
scatter droppings on, 439 
seeding permanent, 421, 427 
special crops for rotation, 444 
sweet clover for, 445 
testing soils of, 425 
value of, in control of soil ero- 
sion, 147 
when to apply potash to perma- 
nent, 426 
Pasturing meadows, 441 
Pasturing rotation crops, 441 
Peanuts, fertilization of, 401 
Permanent pastures. See Pastures. 
Peat, defined, 41 
fertilization of, 22 
Phosphoric acid, defined, 47 
Phosphorus, function of, in plant 
growth, 93 
importance of, 56 
Photosynthesis, defined, 90 
Plant growth, negative factors of, 
72 
Plant-food, amount regained in 
farm manure, 235-236 
available and unavailable, de- 
fined, 55 


INDEX 


Plant-food, cereal and grass crops 
requirements of for, 99 
cotton and tobacco, requirements 
of for, 101 
crops, requirements of for, 96 
defined, 6 
farm-produced, 86 
from air, 90 
how plants secure, 71 
importance of adequate supply 
of, 94 
loss of, from exposed manure, 
214 
supply of soil’s, 55-61 
supplying the crop’s need of, 94 
Plants, composition of, 92 
controlling factor of growth of, 
72 
feeding of, 87 
function of root system of, 88 
how they feed, 87-95 
Plowing, 169-181 
depth of, 177 
fall, 176 
planning the, 169 
proper moisture content for, 172 
proper time for, 174 
proper type of plow for, 194 
spring, 174 
subsoil, 177 
why necessary, 169 
Plowing garden soils, 453 
Plowing orchard soils, 481 
Plowing pasture land, 418 
Plowing under green manure in or- 
chards, 486 
Plowing under organic matter, 179 
Plows, adjusting, 181, 202 
care of, 181 
disk, 201 
parts of, 195 
subsoil, 201 
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Plows, types of, 194 
moldboard, 196 
Plow-sole, 178 
Pore space in soil, 30 
Potash, fertilizer materials furnish- 
ing, 330 
fixation by soil, 331 
location of deposits of, 330 
when to apply to permanent pas- 
tures, 420 
wood ashes as source of, 331 
See also Potassium. 
Potassium, 56 
function of, in plant growth, 93 
See also Potash. 
Potatoes, fertilization of, 396 
sweet, fertilization of, 400 
Poultry manure, care of, 219 
Protozoa, 32 
Puddling of clay soils, 176 


R 


Rainfall, map of, in western 
United States, 133 
Range pastures, carrying capacity 
of, 438 
Rapid soil tests, 60 
Residual soils, 40 
Residues, use of crop, 17, 368 
Rice, fertilization of, 403 
Rock phosphate, composition of, 
333 
fineness of, 297 
for pastures, 419 
location of deposits of, 329 
use of, 297 
Rocks, weathering of, and soil for- 
mation, 25 
Rollers and drags, types of, 202 
Rolling for seed-bed preparation, 
184 
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Rolling grain and hay crops, 193 
Root and tuber crops, plant-food 
requirements of, 96 
Root hairs, 88, 89 
Rotation, cotton, 79, 397 
double, system for dairy farm, 
407 
establishing the, 388-389 
factors to consider in choosing 
the, 385-388 
fertilizing for a dairy, 394 
fertilizing the, 389-403 
for a well-fertilized grain, 393 
four-year, for dairy farms, 386 
incorporating pasture in, 441-446 
of pastures. See Pastures. 
of the vegetable garden, 457 
three-year potato, 396 
Rotations, advantages of, 73, 406 
compared with continuous crop- 


ping, 410 
emergency crops for, 387 
experimental results showing 


value of, 409-413 

fertilizing field-crop, 408 

fertilizing grain and hay, 390, 
393, 394 

fertilizing special crops in field, 
398 

fertilizing vegetable, 395 

grain and livestock compared, 411 

planning the, 385 

three-year compared with five- 
year, 410 

value of legumes in, 345-351, 
372-374 


8 


Salt, defined, 50 
Sampling of soils, 276 
Sand, 27, 35 
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Screenings, limestone, 257 
Sedimentary soils, 42 
Seed, germination of, 87 
importance of good, 65 
mixtures, for lawns, 474 
for permanent pastures, 422, 
428 
Seed-bed, depth of, 177 
frequency of harrowing in pre- 
paring, 182 
frequency of rolling in prepar- 
ing, 184 
importance of good, 67 
preparation of, 181-188 
by disking, 183 
for permanent pasture, 418 
for vegetable gardens, 454 
Selecting the farm, factors to con- 
sider, 4 
Selecting the soil, factors to con- 
sider, 4 
Silage crops, fertilizing the, 85, 407 
Silt, defined, 27 
Simplified soil and crop tests for 
determining fertilizing needs, 
334 
Slag, basic, 329 
lime, 259 
Sod crops, as a source of organic 
matter, 370 
frequency of, in rotation, 371 
Sodium nitrate. See Nitrate of 
soda. 
Soil, chemical composition of, 9 
colloids of, 27 
control of water supply of, 14 
See also Drainage. 
cultivation of, 188-193 
definition of, 25 
early and late, 36 
grain surface of, 26 
make-up of, 25 


INDEX 


Soil, management, evaluating pro- 
gram of, 405 
managing the, 13-24 
minimum and optimum temper- 
ature for growth, 69 
naming the, 38-43 
organisms. See Soil organisms. 
plant-food supply of, 54-61 
pore space in, 30 
preparation of, for potted plants, 
466 
selecting for farming, 4-13 
surface, 6 
and subsoil. See Subsoil. 
tillage of. See Tillage. 
tilth of, 37 
weight of plowed, 56 
Soil acidity, character of vegeta- 
tion as indicator of, 253 
crops classified on basis of tol- 
erance to, 252 
determining degree of, 253 
effect of lime on, 279 
hydrogen-ion concentration and, 
272 
liming for, 247 
pH scale and, 273 
superphosphate in relation to, 
296 
Soil aeration, 31 
Soil air, 30 
Soil analysis, 54 
Soil classes, 26, 35 
Soil colloids, 27 
Soil color as indicator of produc- 
tiveness, 30 
Soil depletion, 1 
Soil erosion, control of, 14, 139-159 
by dams, 144 
by diversion ditches, 153 
by contour farming, 148 
by filling gullies, 144 
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Soil erosion, control of, by soil 
manipulation, 148 
by strip cropping, 150 
by terracing, 153-157 
with sod and cover crops, 146 
extent of, 139 
types of, 139 
gullying, defined, 139 
sheet, defined, 139 
wind, control of, 157 
defined, 141 
Soil fertility, conservation of, 23 
Soil grains, 26 
Soil granules and granulation, 26 
Soil horizons, 39 
Soil humus, 28 
Soil improvement, importance of 
good sods in, 370-372 
legume utilization in, 346, 356- 
359, 372-374 
organic matter essential for, 360 
Soil management, evaluating pro- 
gram of, 405 
Soil maps, 37 
Soil nitrates, conserved by cover 
crops, 361 
Soil organic matter. See Organic 
matter. 
Soil organisms, added by manure, 
239 
for inoculation. See inoculation 
of legumes. 
function of, 31 
in relation to organic matter, 361 
influence of lime on, 279 
kinds and function of, 32 
maintaining conditions favorable 
for, 22 
nitrifying bacteria, 361 
nitrogen fixation by, 346 
Soil profile, 39 
Soil sampling, 276 


Soil series, 38 
Soil structure, 36 
Soil surveys, value of, 37 
Soil-survey reports, value in se- 
lecting a farm, 13 
Soil texture, 36 
Soil type, 38 
Soil water, capillary, 159 
character of, 158-160 
forms of, 158-160 
free, 158 
function of, 31, 158-160 
hygroscopic, 160 
Soil-productivity balance of crop 
land, 404-405 
Soils, acidifying, 466 
aeolian, 43 
alkali, 59 
alluvial, 41 
classification of, 35 
colloidal complex in, 51 
composition of farm, 9, 59-61 
cultural methods for fruit, 478 
cumulose, 41 
depletion of pasture, 416 
fertilizing lawn, 469-475 
fertilizing orchard, 486-492 
fertilizing pasture, 419, 425, 430 . 
fertilizing vegetable, 458-465 
formation of, 40-43 
glacial, 42 
heavy and light, 27 
kinds of, 35-43 
lacustrine, 42 
liming garden, 464 
liming lawn, 470 
liming pasture, 418, 426, 431 
make-up of field, 34 
muck, 41 
nomenclature of, 35, 38-43 
peat, 41 
residual, 40 
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Soils, sedimentary, 42 
temperature of, for germination 
and growth, 67-69 
timbered, 11 
unproductive, 2 
Sorghum, fertilization of, 401 
Special crops, fertilization of, 398- 
403 
Spring plowing, 174-177 
Starch, formation of in plants, 91 
Strip cropping, 150 
how to establish, 152 
rotation for, 151 
Submarginal land, 3 
Subsoil, 8, 29 
plows, 201 
Subsoiling, 177 
Sugar beets, fertilization of, 401 
Sugar cane, fertilization of, 401 
Sulfate of ammonia, 327 
Sulfate of potash, 331 
Sulfur, 56 
gypsum as source of, 271 
Superphosphate, application of, 2°7 
for permanent pastures, 419, 
425 
with farm manure, 206, 216 
determining when and how to 
use, 294 
double, composition of, 328 
in relation to soil acidity, 296 
manufacture of, 340 
preventing lumping of, 299 
Superphosphated manure, use of, 
in dairy rotations, 394 
Surface soil, 6, 29 
composition of, 61 
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Tankage, composition of, 327, 333 
Temperature, requirement for 
crops, 68-69 


INDEX 


Terraces, locating, constructing, 

and inspecting of, 153-157 

determining grade and distance 
between, 154 

Tile drainage, blinding the tile in, 

121 

determining depth of ditch in, 
114 

determining fall of, 106, 110 

determining size and quantity of 
tile needed, 112 

digging ditch for, 116 

distance between drains in, 112 

estimating cost of, 107 

filling the ditch, 121 

illustration of calculating depth 
of ditch, 162 

installing the tile, 119-122 

locating mains and laterals in, 
111 

preparing ditch bottom for tile, 
ites 

protecting and repairing the out- 
let, 121, 128 

repairing breaks in, 123 

types of, 110 

See also Drainage. 

Tillage, benefits of, 194 
cultivating the crop, 188-193 
essentials of, 168 
for moisture conservation in dry- 

land farming, 134 
implements of, 194-202 
importance of thorough, 15 
of garden soils, 452-458 
of orchard soils, 481-483 

Tillage operations, cultivating, 188- 

193 
disking, 183 
harrowing, 182 
plowing, 169-181 
rolling, 184 
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Timothy, fertilizing in rotation, 
394 

Tobacco, fertilization of, 398 

plant-food requirements of, 101 

Top-dressing lawns, 472 

Top-dressing vegetables with ni- 
trogenous fertilizer, 464 

Topography, importance of in se- 
lecting the soil, 5 

Transpiration by plants, 70 

Tuber crops, plant-food require- 
ments of, 96 


U 


Unit valuation of fertilizers, 309 


Vv 


Valence, defined, 47 
Vegetable garden, complete ferti- 
lizer for, 459 
fertilization of, 78, 458-465 
fertilizer analysis for, 460, 462 
fertilizer formula for, 460 
green-manure crops for, 454 
liming the, 464 
method of applying fertilizer to, 
464 
rotations for, 457 
tilling the, 452-458 


Vegetables, fertilization of, in ro- 
tations, 395 
fertilizer for, 460, 462 
fertilizing field-grown, 79 
method of applying fertilizer for, 
464 
plant-food requirement of, 99 
soils suited for, 409 
Vegetation, relation to soil pro- 
ductivity, 11 


W 


Water, function of, in plant growth, 
89 
transpired by crops, 70 
See also Water. 
Water requirements for crops, 69 
Water supply of soil, controlling 
the, 14 
Weathering of rocks and formation 
of soil, 40-43 
Weeds, as indicators of soil pro- 
ductivity, 12 
clipping of, in pastures, 439 
control of, by cultivation, 189 
in lawns, 471 
in vegetable garden, 453 
Weight of plowed soil, 56 
Wheat, fertilization of, in rota- 
tions, 396, 409 
Wind erosion of soils, 157 
Wood ashes, 331 
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